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A 


veling & Porter, Li. 


ROOHESTER. 


Steam 


Ih oad Rotteis & TF vastors: 


1108 


& CO. (1922), 
GEASGOW. 


LTD., 


VY ARRO 


PASSENGER AND CARGO STEAMERS. 


SHALLOW DRAFT VESSELS. 


les Limited, 
pt HS TIRLAM, MANCHESTER. 
FEED eras HEATERS, 
CALORIFIERS, EVAPORATORS, 
COND. INSEE. AIR HEA 
STEAM 


PATENTS, 
ETTLES 
Merrill’ hay ye pag peta STRAI ERS 
a 
SYPHONIASTBAM: TR. PS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING, 5723 


Row's 





A G M umford, L*@- 
CULVER STREET WORKS, COLCHESTER. 
Oy ADMIRALTY 4ND Wap OFFICE LISTS. 
ENGINES for Torpedo Beats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 71. 

PATENT WATEBR-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
And Auxiliary yr ee | as supplied to ~~ 4 
ty. 





thas Immediate Sale :— 

18-in. stroke SLOTTING MACHINE, Table 
% in., by Smith & wy ra 

Twenty Gap Bed § S.C, LATHES, from 4} in. 
to 10 in. centres, hollow spindles ; ; standard makers, 
Two Excellent VERTICAL DRILLING 
MACHINES. 

The above machines are all in.new condition. 
COMBINED PLATE BENDING & FLATTENING 
ROLLS for 5 ft. by § in, plates. 

Low prices for immediate clearance, 


JOHN H. RIDDEL, LTD., 40, St. Enoch aanecs. 
Glasgow. 





ngineerin Salesmanship 
and SALES MANAGEMENT.—Write for 
brochure describing our special Course of training 
for posts of unlimited scope in this lucrative field.— 
DIRECTOR,. Institute of Engineering Salesman- 
ship, 333, Oxford. Road, Manchester. 1723 





Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives, 
R, & W. HAWTHORN, LESLIE & CO., Lrp., 
beens eniiena Newcastne-on-Tyne, 1133 


Brenset Fy eswoo & Kirke 
PATENT 1293 


-. BOLLERS, See page 93, Oct. 19. 
Sele Makers: SPENCKR BONECOURT, Lrp., 
Parliament Mansions, Victoria St., London, S.W. 


Ah Tubes, Plates, Rods, &c., 


in Brass and Copper. 





ALLEN EVERITT & SONS, Lrp., 
Kingston Metal Works, 
SMETHWICK, BIRMINGHAM. 


Punching Bears 
FELLOWS BROS., Lrp., 


CrapLey Hears, Starrs, 


team Hammers (with or 
without guides), Hand-worked or oreety g 
TOOLS for SHIPBUILDERS & BUILBRMAKERS. 
#189 


Dav! S&PRIMROSE, ‘Lauren, LeirH, EpINBURGH. 


Be ver, Dorling & Co., Ltd., 


BRADFORD. 
HIGH-CLASS .ENGINES. FOR ALL PURPOSES, 
tlo WINDING, HAULING, AIR COMPRESSING 
and PUMPING ENGINES. 1896 


1344 





9158 








GOLD MEDAL-InvesTIons EXHIBITION-AWARDED 


uckham’s Patent Suspended 
WEIGHING MACHINES—HAST FERRY 

ROAD ENGINEERING WORKS COMPANY, Lrp. 
on, E,—Hydraulic Cranes, Grain Elevators, &c. 
See illus. Advt. last week, page 15. 1715 


(RANES. All Types. 


pronase RUSSELL & CO.,, es 
Motherwell. 137 











nee 


linders,” Bir 


Tinea teel ubes 
52 Water-tube Boilers, ppabesestery, 


me TIMITED., BIRMINGHI it AM. "‘osi79 


ham. 





(Campbells & Hater, L*4- 


SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





| VOSPER. & Co. Lr. 


PoORTSMOUT 
SHIP & LAUNCH BUILDERS, Od 3551 
BNGINBERS & BOILER MAKERS. 


(Cochran MULTITUBULAR AND 





CROSS-TUBE TYPES 


Boers 
See page 17, Oct, 19. 


[ihe a Seis and 


pss omang sate Co., LTD., 


1134 





DESIGNERS and BUILDERS 
of 
all Classes of HANDLING MACHINERY. 
Atlante Tlouse, 


-50, Holborn Viaduct, 
London, E.C. 1, 


‘* Micontraco, Cent, London.” 
Holborn 2822. 


Telegrams: 
Telephone: 1713 


rpine Glase: gow w Railway : 
En gineering Company, 
GOVAN, GLASGOW. Lrp., 
London Office—12, Victoria oe S.W. 
MANUFACTURERS 0 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
WE IEELS. & AXLES, 
CARRIAGE & WAGON IRONWORK, also 


CAST-STEEL AXLE BOXES. 1234 











RAILWAY AND TRAMWAY ROLLING STOCK. 
H™ N elson& (o., L td., 
THE Guaseow KoLLiIne Stock aND PLANT bag yp 
MOTHERWELL. id 3583 
P. & W. MacLellan, Ltd., 
CLUTHA WORKS, a Gal 
MANUFACTURERS 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Glasgow. Od 8547 
Registered Offices: Clutha House, bus Princes St., 
Westminster, 8.W.1 
Patent . 

Gee S  Hydro-Pneumatic Ash Ejector 
Great saving of labour. No noise. No dust. No 
dirt. Ashes discharged 20 it. clear of vessel.— Apply, 
F. J. TREWENT & PROCTOR, Lrp., Naval Archi- 

tects and Surveyors, 43, Billiter Bldgs. -» Billiter St., 

London, E.C, Od 483 





P enningtons, University 

TUTORS, 254, Oxford Road, Manchester. 
Estab, 1876. Enrol now for 1.C.B. and I.M.B. Postal 
Courses. 100 per cent. passes last Exams. Reinforced 
Concrete—a new comprehensive course under 
expert engineer, 23 3s. Write for particulars, 968 


Iron and Steel — 5 
[lubes and Fittings. 


Sole Licensees in Great Britain for the manufacture 
of. “Armco” Rust and.Corrosion Resisting or 
1 


The Scottish Tube Co., Ltd., 
Heap OFFICE: 34, Robertson Street, Glasgow. 
See Advertisement page 77. 





IRON & STEEL 


Tubes AND Fittings 
AND 


Steel P tates: 
Qrewarrs AND Lhovns, Lea. 


GLASGOW - BIRMINGHAM - LONDON. 
See Advertisement, page 97. 1111 


[Ds Line Excavator. 


Has moved 2,000 cube yards in one day. May 
be seen at Frodsham, near Chester. Reach 
77 ft.; lift four to five tons; speed of working, 
one to three cuts a minute. 


HARRY. FAIRCLOUGH, 
Contractor. 
Wansaeatye 


Quuillotine Ghears - 
Power | Seaman 


“FOR SHEET AND PLATE WORKING. 
THK REGENT SHEET- METAL 
* MACHINE TOOL :GO., LTD., 
REGENT Works, WAKEFIELD. -- 1668 





1550 


and 





_ ON ADMIRALTY LIST, 


ohn Kirkaldy, Ltd, 


“London Office: 101, LEADENHALL Sr., E.C, 3. 
Works ; BURST MILL, near HaRLow, Essex. 
_ Makers of 
Rvaporating and Distilling Plants. 
- Refri ee and Ice-making Machinery. 
Feed Wat ae Teaters. 
- Evaporato 
Fresh Water Distillers. 
Main Feed Pumps. 
Combined Circulating and Air Pumps. 
Auxillary Surface Condensers. 
&c., &e. 


J. Davis, M.I.Mech.E., 


+ 
E. Gas Engines Inspected, Tested and 
Reported upon. Over 25 years’ experience. Tel. 

Meryian’ 1736 &1737. Wire: “* Ra eines sia " 
—Great Eastern Road, Stratford, Bis 94 


Tue GLasacow RoLLine STocK- aNnD- PLant — 


urst, Nelson & Co., Ltd., 


BuildersofRAILWAYCARRIAGES, WAGONS 
ELECTRIC CARS, and EVERY OTHER DESCRIPTION 
oF RAILWAY and TRAMWAY ROLLING STOCK. 

Makers of WHEELS and AXxLEs, RatLway PLANT, 
Foreines, SMITH WorRK, IIRun & Brass CasTines, 
PRESSED STEEL WORK OF ALL KINDS. 
Registered Office and Chief Works: Motherwell. 
London Office : 14, Leadenhall Street, E, C. Od: 3382 


J 


1586 








Davip Brown & Sons dacsas Lead 
Lockwood Huddersfield. 
: HIGH CLASS 


M2chine (Cut (fearing 


FOR EVERY PURPOSE. 1440 


\ EARS 
G Grove, 


cr ge 
AUTOGEARS (Leeps), Lrp., Hyde Park Road, 
eeds, 





OF EVERY 
DESORIPTION. 





arels 


Diese! & Gteam 


ngines. 
1120 





CaRELs DirseL & Stream Eneines (Lonpon) Lrp., 
Kinnaird House, 1, Pall Mall Kast, 8.W. 1. 
Telephone: Regent 3484. 





& CO. (1922), LTD. 
GLASGOW. . 


VY ARRO 


LAND AND MARINE 


YARROW BOILERS, 

1553 | 

_j ohn ellamy Limited, 
MILLWALL, LONDON, E. 


Genera. ConsTRUCTIONAL ENGINEERS, 1216 


Boilers, Tanks & Mooring Buoys 

STIs, Perrot Tanks, AIR RECEIVERS, STEEL 

CHIMNEYSs, RIVETTED STE«aM and VENTILATING 

Pires, ‘Hoppers, SpeciaL WorK, Repairs oF 
ALL KInps. ~ 


Hed. ‘WV tightson & (Co. 


LIMITED. 








See Advertisement ‘Page 63, Oct. 19. 2403 


Metthew paul & (oo. L‘@. 


LevENFoRD Wonks, Dumbarton. 1483 
_ See Full Page Advt., page 60, Oct. 12, 


Pere & (Shallen 


Tresses 
For Production of SHEET METAL WORK, 
COINAGH,-CARTRIDGES AND GUNPOWDER, 
Foundry,.Works, and Showrooms : eT aie 
See advert., page 48, Oct. 12, 8195 








ower and Speed of Vessels. 
—Practical Course of Instruction by Correspon- | 
dence.—Address, for particulars and terms, 1463, 
Om es “ ENGINEERING, 


G witches and 


rossings. 





Your Re 


T. SUMMERSON & SONS, LIMITED, 
SPECIAL MAC aes. ue? 
THOMAS HUNT & 5 


DaRLIn GTON, 
Fo 
Albion  Rhtnid 


airs or any 
Bridge Road West, Battersea, S,W. 11. 
Est. 1854, 





Wayraoop Orts 


Lirts 


54 & 55, Fertek Lanz, LONDON, E.C.4, 
62 & 63, LioneL Street, BLRMINGHAM, 
and Principal’ Provincial Cities and Abroad, 





ae ee 641, Tele.—Andrubo, Holb., London. 
A ndrews & Beaumont, 


CHARTERED PATENT AGENTS, 1293 
29, Southampton Buildings, London, ¥ w 0. 2. 


Make it of 


Data from 4 \ luminium. 
British Aluminium Co., Ltd., 


109, Queen Victoria St., London, 1308 
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Manchester Steam Users’ 


ASSOCIATION: « 

For the prevention of Steam Boiler Explosions and 

for the attainment of Econemy in the Application 
of Steam. 9, Mount STREED, MANCHESTER. 

Chief Engineer: C. E. STROMBYER, M.1,0.3. 

Founded 1854 by Sir WILLIAM FATRBAIBN, 

__ Oertificates of Safety issuéd@under the Factory and 

Workshops Act, 1901. Compensation for Damages 

and Liabilities paid in case of Explosions. Engines 

and Boilers inspected during construction. 1311 


(orrespondence Courses for 
Inst.Civil Engrs., Inst.Mech.E., Gondon Univ. 
Matric., Inter., B.3c.), and All ENGINEERING 
XAMINATIONS rsonally conducted by Mr. 
TREVOR W. PHILLIPS, B.Sc. (Honours), Assoc. 
M.Inst.C.E., M.R.S.I., F.R.S.A., etc., Also Day 
Tuition in Office. Excellent results at ali Exams. 
Courses may eommence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars apply to 8/11, TrarrorD CHAMBERS, 58, 
Sours Joun Srreer, LIVERPOOL. 1295 


>i *e ° ‘ ee. 
ivilServiceCommission. 
FORTHCOMING BXAMINATION: 
PROBATIONARY INSPECTORS in the 
Engineer-in-Chief's Department of the General 
Post Office (17-22; with, extension for service in 
H.M. Forces during the War), 15th November. 
The date specified is the latest on which appli- 
cations can be received. They mnst be made on 
forms to be obtained, with particulars, fom THE 


SECRETARY, Orvin.* Service  . COMMISSION, 
Burlington Gardens, London, W.1. Bg19 


ents 














“ TENDERS. 
STATE ELECTRICITY COMMISSION OF 
VICTORIA 


’ | Yenders are Hereby 
Invited for the SUPPLY, DELIVERY, 
ete., of the following for the Morwell 
Power Scheme. 
Copies of Tender Form and Specification will be 
available upon riventi to :— 
AGENT-GENERAL FOR VICTORIA, 
Melbourne Place, Strand, 
London, W.C.2. 
SprFciFICATION No. 24/1— 
ALUMINIUM STEEL CORED CABLE AND 
ACC KSSORIES. 

CuarGr :—I0s, for the first two copies of Tender 
Form, Conditions of Contract and Specification 
complete, This charge will be returned on receipt 
of a bona fide fender. A third copy and any further 
copies will be supplied for the sum of 5s, each. This 
charge is not returnable. 

Pretiminary Deposit :—A Preliminary Deposit 
of £100 is to be lodged with the Tender, 

The Specification may be inspected at the above- 
mentioned office, ° 

The Commission does not bind itself to accept the 
lowest or any Tender. 

Tenders on prescribed form, properly endorsed 
and addressed, must be delivered to the undersigued 
in Melbourne, not later than 5 p.m,, 3rd January, 1924. 

R. LIDDELOW, 
Secretary, 
State Electricity Commission of Victoria, 
Melbourne, Victoria, 
B 846 


Br cot: ae Australia, 
STATE BLECTRICITY COMMISSION OF 
VICTORIA 





Tenders are Hereby 
Invited for the SUPPLY, DELIVERY 


etc., of the following for the Morwell 

Power Scheme, 

Copies of Tender Form and Specification will be 
available upon application to :— 

THE AGENT-GHNERAL FOR VICTORIA, 
Melbourne Place, Strand, 
London, W.C.2. 

SPFCcIFICATION No, 23/145—4 only 1,000 K.V.A. 
SINGLE PHASE TRANSFORMERS & SPARES. 

CHARGE :—10s. for the first two copies of Tender 
Form, Conditions of Contract and Specification 
complete. This charge will be returned on receip* 
ofa dona fide Tender. A third copy and any further 
copies will be supplied for the sum of 5s. each. 
This charge is not returnable. 

PRELIMINARY Deposit :—A Preliminary Deposit 
of £25is to be lodged with Tender, 

The Specification nay be inspected at the above- 
mentioned office. 

The Commission does not bind itself to accept the 
lowest or any Tender. 

Tenders o:) prescribed form, properly endorsed and 
addressed, must be delivered to the undersigned, in 
Melbourne, not later than Noon, 15th December, 


1923. 
R. LIDDELOW, 
Secretary, 
State Electricity Commission of Victoria, 
Melbourne, Victoria, 
Australia. B 845 


STATE ELECTRICITY COMMISSION OF 
VICTORIA, 


enders are Hereby 


Sap Invited forthe SUPPLY, DELIVERY, 
ete, of the following for tha Morwell 
Power Scheme. 

Coptes of Tender Form and Specification will be 
available upon application to :— 

AGENT GEN KRAL FOR VICTORIA, 
Melbourne Place, Straxd, 
London, W.C. 2. 

Spectricatron No. 24/2. — TRANSFORMERS, 
SWITCHGEAR AND ACCRSSUORIES, SUB- 
P STATION -“ B.” 

CHarGe:—#2 2s for the first three copies of 
Tender Form, Conditions of Contract, Specitication 
and Drawin.s complete. This-charge will be 
returned on receipt of a dona fide Tender. A fourth 
copy and any further copies will be supplied for the 
sum of 10s. 6d. earch. This charge is not returnable. 

Pretiminaky Deposir:—A Prelimiuary Deposit 
of £100 is to be lodged with Tender. ‘he Specifi- 
cations may be ins;ected at the above mentioned 
office. The Commission does not bind itself to 
aceept the lowest or any Tender. Tenders on 
prescribed form. properly endorsed and addressed, 
must be delivered to the undersigned in Melbourne 
not later than Noon, 19th January, 1924. 

R, LIDDE 
ecreta’ y. 


Secre 
State El:ctricity Commission of Victoria, 


Melbourne, Victoria, 
Australia, B 981 





TO BAKERY ENGINEERS AND OTHERS. 

The METROPOLITAN ASYLUMS BOARDinvits 
[renders for the Installation 

of a» NEW BRICK, TYPE STHAM PIPE 
DRAW-PLATE OVEN inthe Patients’ Kitchen at 
Tooting Bec Mentai Hospital, Tooting, S.W. 17, in 
accordance with Specifvationand Drawing prey ared 
we Mr. T. womeie M.Inst.0.E., M.1I.Mech.E., 
ngineer-in-Chief. The Specification, Drawingand 
Form of Tender may be ivspected at tke Office of 
the Board, Victoria Bmbankment,. E.C, 4, on and 
after Ten a.m, on Wednesday, 24th October 1923, 
and can then be obtained-upon payment of a deposit 
of £1. The amount of the deposit will be returned 
only after the receipt of a bona fide Tender sent in 
accordance with the instructions on the Form of 
Tender and after the Spesification and the Drawing 
have been returned. 

Tenders, addréssed as noted on.the form, myst be 
delivered at the Office of the Board not later than 
2.30 p.m. on Wednesday, 7th November, 1923, 

(By Urder) G. A, POWELL, 


Clerk to the Board. B 969 





METROPOLITAN WATER BOARD. 


TENDERS FOR THE SUPPLY AND ERECTION 

OF. TWO RECIPROCATING ENGINES AND 

PUMPS, at Kempton Park Pumping Station, 
Middlesex. 


The Metropolitan Water Board invite 


’ I ‘enders for the Supply and 

ERECTION of TWO TRIPLH-KEXPANSION 
DIRECT-ACTING RECIPROCATING, ROTARY 
TYPE, PUMPING ENGINES, Cylinders approxi- 
mately 30in.,.58in., and &6in. diameter, by 5ft. 6in. 
stroke, at their Kempton Park Pumping Station, 
Middlesex, 

Forms of Tender, Conditions of Contract, Speeifi- 
cation and Drawings may beinspected without pay- 
ment of fee at the Uffices of the Board (Board 173), 
Chief Engineer's Department, 173, Rosebery 
Avenue, Clerkenwell, K.C.1, on and after Thursday, 
lst November, 1923, 

Contractors desirous of tendering may obtain the 
necessary documents from Mr. HEnRy E, STILGoEr, 
M.Inst.C.B., the Chief Engineer, on production of 
an official receipt for the sum of Three Guineas, 
which sum must be deposited with the Board's 
Accouutant, and will be returned on receipt.of a /ond- 
fide Tender, together with all incidental papers. Such 
payments and applications must be made between 
the hours of ten a,m. and 4.30 p.m, (Saturdays Ten 
a.m, and Twelve noon), Cheques must be made pay- 
able to the ‘‘ Metropolitan Water Board,” and not to 
individuals, 

Tenders, enclosed in sealed envelopes, addressed to 
“The Clerk of the Board, Metropolitan Water 
Board, 173, Rosebery Avenue, K.C.1," and endorsed 
‘Tender for Machinery, Kempton Park,” must be 
delivered at the Offices of the Board not later than 
Ten a.m , on Monday, 3lst December, 1923. 

The Board do not bind themselves to accept the 
lowest or any Tender. 

G. F, STRINGER, 
Clerk of the Beard. 
Offices of the Board, 
173, Rosebery Avenue, E.0.1 


22nd October, 1923. “B 980 





MIDLAND GREAT WESTERN RAILWAY OF 


IRELAND. 
CONTRACTS FOR 1924. 


The Directors of the Midland Great Western 
Railway of Ireland Company are prepared to receive 


[Tenders for the Supply of the 


undermentioned STORES. The Contracts to 
commence from the Ist of January next, for six or 

twelve months. 
No. of No. of 


Form, Form, 

Asbestos & Packing 1) Locks, Rainwater 
Barrows and Trucks 2 cay & Hardware 25 
Baskets and Mats - 3 Paints, Gia ahd 26 
Brushes, Brooms, &c. Wallpaper - - 27 
Brass Fittings for Ropes and Canvas - 28 
Gas and Water - Rail Fastenings, Iron 29 
Nuts and a = teel 80 
iScrews, Split Pins, 
&e. - - 
Tin, Lead, 
Gun Barrel, &c. - 
¥/Steel Tyres, Axles 
. a, 10] and Plates - . 
Carriage Fittings 11 | Steel & Copper Tubes, 
» Trimmings 12) Copper Plates and 
Clothing - - - 124] Ingots. - Ee 
Creosote Oil - - 13/Steel Castings - - 
Drysalteries - 14/Staffordshire Iron, 
Fog Signals” - - b Wire, &c. : 
Farm Produce Boxes 154 | Springs, Steel, 
lass - - - - 16 Files - . 
Grease . - - 
Gas Mantles, &c. . 
Iron and Steel 
Forgings - - 
Tron Castings - - 
India Rubber Goods- 
Lime - - - - 22 - 
Leather and Belting 23 | Waste and Wicking - 
Lamps and Tinware- 24 | Yorkshire Iron « - 


Forms of Tender can be obtained, on payment 
of 6d. each, from the STOREKEEPER, 
GENERAL STORES DEPARTMENT, BROAD- 
STONE STATION, DUBLIN. Stamps will not be 
accepted, 

Patterns and Samples can be inspected at the 
same place on and after Ist prox., between the 
hours of Ten a.m. and Four p.m. (Saturday, 
Ten a.m. to Twelve noon). 

Contractors cannot be allowed to tender tosupply 
goods to their own patterns, nor can the Company's 
patterns be sent away for inspection. 

The Directors will not consider any Tender unless 
furnished on the Company’s forms; nor any Tender 
in which any alteration of the form has been made. 

The Tenders to be sent in by post, sealed and 
endorsed on thé envelope, “ Tender for Stores, Form 
SES ,»” and addressed to ‘The Chairman, 
Broadstone Station, Dublin,” so as to reach him on 
or before Ten a.m.on the 13th November. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

By Order, 
PERCY A. HAY, 


Secretary. 
Broadstone Station, Dublin, 
October, 1923 B96 


31 
32 
33 


ets - - - 
Bricks, Slates, Earth- 
enware Pipe, &. - 
Chain - - - 
Cement - - - 
Candles and Soap - 








and 


Soft Goods- - - 
Timber, &c. ~ - 
Tools - - . - 
Tool & Barrow Shafts 
Varnishes - . - 
| Wagon Covers and 


17 
18 
19 
20 
21 





43 


Tarpaulins - 
44 
45 


BALLINASLOE MENTAL HOSPITAL, 


ei ““BUCTION Gas PLAN®.~ ~* 


The Committee of Management of above Institution 
will at its ‘meeting om Monday, the.12th cay of 
t mber, 1923, consider 


Tenders for : Supplying and 
‘ERECTING a SUCTION GAS PLANT to 
suit a 35 HP. Crossley Gas Engine. : 

Contractors to furnish complete specification with 
dimensions. 3 5 

Tenders, marked “‘ Suction Gas Plant,’ addressed 
to the HKesident Medical Superintendent, to be 
lodged ,not later than Friday, the 9th day of 
November, 1923: : : : 

The lowest or any Tender not necessarily 
accepted. 

By Order of the Committee. 

ek : JOHN MILLS, 
Resident Medical Superintendent. 
8th October, 1923. . B929 


THE MANCHESTER SHIP CANAL COMPANY. 
Engineer’s Office, 41, Spring Gardens, Manchester. 


CONTRACT No. 225, 


The Directors of the Manchester Ship Canal 
Company are prepared to receive 


enders” from Contractors 
experienced in HEAVY FOUNDATION 
WORK, for the CONSTRUCTION and COM- 
PLETION of the FOUNDATIONS for TWO 
TRANSIT SHEDS, Nos. 7and ¥Y, at Dock No. 9, at 
the Manchester Docks. 

The F., UNDATIONS are intended to carry TWO 
REINFORCED CONCRETE TRANSIT SHEDS, 
each five storeys in height, by 450 ft. in length and 
110 ft. in breadth; the construction and com- 
pletion of which will form the subject of a 
subsequent contract. t 

Copies of the Drawings, Specification, Bill ' of 
Quantities and Form of Tender can be obtained at 
the Office oi the Chief Engineer (Mr, A, REED, 
M.Inst.C.E.), 41, Spring Gardens, Manchester, on 
and after the 24th day of October, 1923, on payment 
of a deposit of Five Guineas which will be returned 
on receipt of a bona fide Tender. 

Sealed Tenders, addressed to the undersigned and 
endorsed *‘ Tender for Transit Shed Foundations,” 
should be delivered at this Office on or before 
Ten a.m., on Wednesday, November 7th, 123. 

F. A. EYRE, Secretary. 
41, Spring Gardens, Manchester. B 


ABERDEEN CORPORATION WATER WORKS. 
EXTENSIONS 1920. 
Contract No, 14.—New Aqueduct 





977 





The Town Council of Aberdeen are prepared to 
receive 


enders from Competent 
Persons willing to enter intoa Contract for 

the MANUFACTURE and DELIVERY of about 7 
miles of 40 inch diameter PIPES and SPECIALS 
of the following alternative types, viz. :— 

(A) Cast Iron. 

(B) Mild Steel (Lapwelded), 

(c) Reinforced Concrete (spun and ordinary). 

The Drawings may be inspected and Specification, 
Schedule of Quantities,and Form of Tender obtained, 
on and after 7th November, 1923, on application at 
the Water Engiueer’s Office, 413, Union Street, 
Aberdeen. Karly application is desirable and no 
Specification will be given out after 16th November. 

For each Specification a deposit of Five Pounds 
sterling will be required, which sum will, after a 
tender has been accepted, be returned to the 
tenderer, provided that he shall have sent in a 
bona fide Tender, based on the Drawings, Specifica- 
tion and Schedule of quantities provided, with the 
Schedule of quantities fully priced out in detail, and 
shall not have withdrawn the same, 

The employment of labour shall be in accordance 
with the conditions of the Unemployment Grants 
Committee. 

Tenders on the Forms prescribed and enclosed in 
securely sealed envelopes, endorsed ‘‘ Tender for 
NEW AQUEDUCT PIPING” are to be addressed to 
the undersigned. No Tender delivered after Five 
p.m. on z6th Novemler, 1923, will be considered. 

The Town Council do not bind themselves to 
accept the lowest or any Ten ter. 

GEORGE MITCHELL M.Inst.C.B., F.G.S., 
Water Engineer. 

Water Engineer’s Office, 

413, Union Street, Aberdeen. 
23rd October, 1922. 


ABERDEEN CORPORATION WATER WORKS. 
EXTENSIONS 1920, 
Contracts Nos, 15 & 16.—New Aqueduct, 


B 982 


The Town Council of Aberdeen are prepared to 


receive 
enders from Competent 


Persons willing to enter into a Contract for 
the TRANSPORTING, LAYING and JOINTING of 
about 7-miles of 40 in. PIPING and ANCILIARY 
WORKS between CRATHES and CULTER, 

The Drawings may be ins; ected and Specification, 
Schedule of Quantities, and Form of Tender obtained, 
onand after 7th November, 1923, on application at 
the Engineer's Office, 413, Union Street, Aberdeen, 
Karly application is desirable,and no Specification 
will be given out after 16th November. 

For each Specification a deposit of Five Pounds 
Sterling will be required, which sum will, aiter a 
tender bas been accepted, be returned to the 
tenderer, provided that he shall have sent in a dona- 
fide Tender, based on the drawings, specification and 
schedule of quantities provided, with the Schedule 
of Quantities fully priced out in detail, and shali not 
have withdrawn the same. 

The employment of labour shall be in accordance 
with the conditions of the Unemployment Grants 
Committee. 

Tenders on the Forms prescribed, and enclosed in 
securely sealed envelopes, endorsed ‘‘ Tender for 
AQUEDUCT PIPELAYING” are to be addressed to 
the undersigned. No Tender delivered after 
Five p.m. on 26th November, 1923, wll! be conside: ed, 

The Town Council do not bind themselves to 
accept the lowest or any Tender. 

No person should tender unless thoroughly 
experienced in the actual construction of extensive 
public works, 

GEORGE MITCHELL, M.Inst.C.®., F.G.5., 

Water Engineer. 

Water Engineer's Office, 

414 Union Street, Aberdeen, 
: B 983 





23rd Cctober, 1923, 


THE GREAT INDIAN PENINSULA RA F 
SOMPANY, 48, 4 all.Avenue, London, y ' 


Seog vite 7 
lenders for i= 


71. Co yer Plagés ard Rods 
2. Mild Stéel Bars, Sect:ons ... 
a 3. Steel Tyres, for-Carriages an 

Wagons ... oe ou 
4, Plate Giass, etc. .., 10/- 
5. Stationery, ete. ... 2. 10/- 
6. Drawn Brass Strips : » 26m 
Tenders are due by Elevena.m., on 6th November 

1923, ._Tender forms obtainable at above add 

Fees not returnable, — : 


se 


e+ Fee 


10/- 
£1 


10)- 





THE BENGAL-NAGPUR RAILWAY CoM 
LIMITED. PANY, 


. =a. 
The Directors are prepared to receive 


[Tenders for:— 
SPRING STEEL AND SPRINGS. 
Ss fication and Form of Tender can be obtained 
x the yaa 95 "8 Since i. Gresham House, 0j@ 
road Street, London, E.C.2, on or af 1e 24 
October, ty » or after the 24th 
ee of £11s. will be chargéi for the Sp = 
tion, which is NOT sobuvasube, pecligs 
Tenders must be submitted not’ later than NOOK 
on Monday, 5th November, 1923. \ 
The Directors do not bind themselves to accept 
the lowest or any Tender. 
By Order of the Board 
R. ©. VOLKERS, 


Secretary. Bg 


cy, 
’ ms 


APPOINTMENTS OPEN. 











ADMINSTRATIVE COUNTY OF LONDON, 
The London County Council will 


. ° 7 + 
Reaure, in November Next, 
at the L.C.C. NORWUOD TECHNICAL 
INSTITUTE,KNIGHT’S HILL. WEST NORWOOD, 
§.B. 27,a VISITING TEACHER, to give a series of 
about 20 lectures on Engineering subjects on Tuesdagt 
evenings. The lectures are intended to constitutea 
survey of Engineering, Workshop Practice and 
Works Management. , 
Fee 22/- an attendance of at least two hours. 
Preference given to candidates who have served 
or attempted to serve with H.M. forces. Apply, 
Education Officer (T.1a), The County Hail, $.B.1 
(Stamped addressed foolscap envelope necessary) 
for form to be returned by 8th November, 1933, 
Canvassing disqualifies, 
JAMES BIRD, Ci 
Clerk of the London County Council, 


Mechine Tools, London. — 


Well-known British Firm of Machine TooF 
Makers REQUIRE im their London office ‘a 
GENTLEMAN of good education and address with 
theoretical and practical training. Preference 
given to those with railway workshop experience.— 
Address, with full particulars of age, education, 
training and experience, B ¢97, Offices of ENGINEER- 
ING, 








anted, Immediately for a 
College of London University, part-time 
JUNIOR ASSISTANT in the Engineering Depart- 
ment, to take charge of Drawing Office and tu assist 
in the Laboratory. Candidates must be between 
21 and 24 years of age, and must possess a geod 
degree in Science or Engineering, and have had 
some Drawing Office experience. Opportunities 
will be given to a suitable man for higher work in 
the Laboratory. Salary £120 pa.—Write, “V.F,,” 
c/o CHARLES BARKER & SONS, Lop., 31, Budge 
Row, B.C.4, B i 


he Royal Air Force 
; REQUIRES SKILLED FITTERS 
, General (for training as Aero Engine 
Fitters), Fitters Driver Petrol, Electrical Fitters 
and Power Station tradesmen. Age limits :—Ex- 
Service men 18 to 80; Non-Ex-Service 1s to 26; 
highly skilled Fitters up to 35, Ex-N.C.O's up te 
38 years (with rank according to trade ability). Pa 
from 21s, to 66s. 6d. per week, on enlistment, and all 
found, Allowance for wife and children to men % 
and over.— Write, stating age, or cail :—INSPECTOR 
OF RECRUITING, R.A.F., 4, Henrietta See 

B 75 


Covent Garden, W.C. 2. 
SS uired for the GOVERNMENT of 
the GULD COAST for service on the 
Takoradi Harbour Works, for ove tour of 12 to 
18 months with possible extension, Salary £760 
a year. Free quarters and passages, and liberad 
leave in England on full salary. Candidates, age 28 
to 40, should be capable Civil Engineers, with good 
experience in the design and construction of 
Kailway and Harbour Works, and he good draughts- 
men and expert surveyors. Graduate in Engineer- 
ing Science preferred.— Apply, by letter, stating age, 
whether married or single, qualifications and 
experience, to Messrs. STEWART & MCLONNELL, 
6/7, Cowley Street, Loudon, 5.W. 1. B 966 





A ssistant Engineer Re- 
q 








ssistant Town I[n-, 
2 GINKER REQUIRED by the 
GOVERNMENT OF THE GULD COAST 
for service with the Coomassie Public Health Board) 
for a tour of 12 to 18 months’ service, with possible 
extension. Salary £480 for the first three years of 
service and then £510, rising to 2720.a year by annual 
increments of £30, and thence to £920 by ann 
increments of £40. Outnt allowance of £60 on first 
appointment. Free single quarters or an allowance 
in lieu, Free passages and liberal leave in England 
on full salary. Candidates, aged 25 to 39, pretcrabl 
singte, must be fully qualified Civil Engineers, wit 
experience in town p'anning, construction of towB 
roads, surveying and the prejaration and execution 
of drainage schemes. They should have served im 
the Engineering Depart ment of a Municipality, and 
should be able to ride a motor bicyele.—Ap;!y ® 
once, in writing stating age and giving brief details 
of experience to THE CROWN AGENTS FOR TH 





COLONIES, 4, Millbank, Lordon, $,W. 1}, quote 
M/12317. : Be, 
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THE OPERATING RESULTS OF BLACK- | 
BURN EAST POWER STATION. 


eRE is no more valuable stimulus to economy | 
in fige generation of electric power, and therefore | 
fe the electrical industry generally, than the publica- 
jon of operating results of typical power stations. 
The Electricity Commissioners have shown a 
. practical recognition of this truth by issuing annual 
returns of the fuel consumption and output of all 
British stations, and the fact that the second of 
such returns shows the average consumption of 
fuel in steam stations to have been reduced from 
3-11 lb. to 2-78 lb. per kilowatt-hour during the 
year ending March 31 last, is undoubtedly con- 
nected with the publication of results. Valuable, 
however, as the information compiled by the 
Electricity Commissioners is, the official statistics 
can never be sufficiently detailed to enable the 


| under the conditions of its construction. 
| of operation was therefore greatly facilitated, and 





performance of any particular station to be judged 
on its merits. For the presentation of operating 
results in such detail that they may be subjected 
to an intelligent analysis and criticism by any | 


St5 





station had the advantages of a unity of design anda 
homogeneity of equipment which are only possible 
Simplicity 


this is a factor of no small importance in obtaining 
the best results from a plant. The steam condi- 
tions were chosen with a view to ensure reliability 
and continuity of operation, and are moderate in 
comparison with those advocated by many engi- 
neers at the present time, and the exceptionally 
good results which have been obtained under 
working conditions are therefore all the more 
creditable to the plant and its operation. 

The new station, the external . appearance of 
which is shown in Figs. 1 and 2, Plate XXVI, is 
situated at Higher Whitebirk, about three miles 
from the centre of Blackburn. It is served both 
by the Leeds and Liverpool Canal which is seen 
in the foreground of Fig. 1 and by the Lancashire 
and Yorkshire section of the London Midland and 
Scottish Railway, so that alternative facilities are 
provided for the delivery of coal and other material. 
The canal supplies the make-up water required for 
the cooling towers, and there is also a water supply 


Fic. 9. Removina AsHEs IN BorteR BASEMENT. 


person conversant with power-station practice, 
engineers will always have to rely upon the broad- 
minded liberality of those who are prepared to 
publish the performances of their own plants for the 
benefit of all. Fortunately for the profession, the 
public spirit inspiring such action is- not lacking 
among the men in responsible charge of important 
plants, as the recent articles in our own columns 
dealing with the performances of the Dalmarnock 
and Radcliffe stations will testify. 

Through the courtesy of Mr. P. P. Wheelwright, the 
engineer and manager of the Blackburn Corporation 
Electricity Department, and with the assistance of 
the Engineering Department of the English Electric 
Company, we are now able to publish, in considerable 
detail, the operating results of the new Blackburn 
East generating station. The station is the outcome 
of a determination arrived at before the war to 
provide further facilities for electricity supply to the 
densely populated area centred on Blackburn. 
The war stopped action, but immediately it ter- 
minated Mr. Wheelwright reviewed his plans and | 
prepared. designs for a station of twice the capacity 
originally intended, in order to cope with the 
Mcreasing demand. The scheme was approved by 
the Electricity Commissioners, and in August, 1919, 
the tender of the English Electric Company to 
construct the station and to provide the whole of 
the steam and electrical equipment was accepted 
by the corporation. The foundation stone was laid 
on May 13, 1920, and less than eighteen months 
afterwards the first of the two 10,000-kw. turbo- 
alternators was formally put into service. The 





from an artesian well on the site. In Fig. 1 can 
be seen a 20-ton travelling crane, supplied by the 
Mitchell Conveyor Company, unloading a coal 
barge by means of a grab. This grab can be 
replaced by an arrangement of slings, and the 
crane will then pick up and empty an ordinary 
coal truck. The hoisting platform of the crane 
is supported on knife edges, and an automatic 
weighing and registering device is incorporated 


| into the design, so that the weight of the coal 


handled is accurately recorded. A 14-ton electric 
battery locomotive, built by the English Electric 
Company, is used for shunting coal wagons and 
bringing them to and from the crane. It has a 
maximum tractive effort of 4,850 lbs., and will 
haul 120 tons on a | per cent. gradient or 330 tons 
on the level. A view of the power station taken 
from the engine room side is shown in Fig. 2. 

Before dealing with the performance of the station 
in detail, we will give an outline of the equipment 
with which the results have been obtained. 

The main generating units are two turbo-alterna- 
tors, built by the English Electric Company, each 
rated at 10,000 kw. at 1,500 r.p.m., and producing 
three-phase 50-cycle current at a pressure of 6,600 
volts between phases. One of these machines is 
shown in Fig. 3, Plate X XVII, while the arrange- 
ment of the units inside the engine room will be 
clear from Fig. 4. They are designed to operate 
with steam at a pressure of 200 Ib. and a temperature 
of 588 deg. F. at the stop valve, the vacuum varying 
from 28 in and 29-2 in., according to the season 
of the year and the degree of cooling effected by the 





towers. Each turbine has one compound velocity 
stage, followed by nine single impulse stages, A 
high sustained efficiency at all loads is provided 
for by having three independent sections of nozzles, 
which are put in and out of action consecutively by 
the operation of the governor as the load increases 
or falls off. The surface condensers for the turbines 
were supplied by Messrs, Hick, Hargreaves and Co., 
Limited, each being designed to give a vacuum of 
28 in. when dealing with 125,000 lb. of steam per 
hour and using circulating water at 80 deg. F. Each 
condenser has a cooling surface of 19,000 sq. ft., 
and is equipped with steam air ejectors of the 
Hick Breguet type. The condenser auxiliaries for 
each main unit are divided into two sets, one motor 
driven and the other driven by a steam turbine 
through gearing. Each circulating pump is designed 
to deal with 60 per cent. of the water, required for 
full-load conditions, whilst each extraction pump 
will deal with the full quantity of condensate. 

When the: main units are developing 6,000 kw. 
or less, it is only necessary to bring one set of 
auxiliaries into action, thus effecting a saving of 
power. The duplication of the auxiliaries gives 
a high degree of security to the system, and the fact 
that 60 per cent. of the capacity of the auxiliaries 
is dependent only upon the supply of steam for its 
operation, relieves the mind of the engineer of 
apprehensions of a total shut-down in case of serious 
disturbances on the electrical system. The arrange- 
ment of the auxiliaries in the condenser pit is 
shown in Fig. 8, Plate XXIX. The exhaust steam 
from the auxiliaries is used for feed heating. 
Make-up water is supplied by an evaporator, and all 
feed water is de-aerated before being passed into the 
boilers, so that the latter work under the best 
conditions possible so far as freedom from scale and 
corrosion are concerned. 

There are in the boiler-house seven Babcock and 
Wilcox marine type boilers, each capable of pro- 
ducing at normal rating 50,000 lb. per hour of 
steam at a pressure of 210 lb. per square inch 
and a temperature of 600 deg. F. Each boiler 
has a superposed cast iron economiser and three 
chain-grate stokers of the Underfeed Company’s 
manufacture, operating with balanced draught. 
The combined grate area is 290 sq. ft., and the 
total heating surface of boiler and economiser is 
12,436 sq. ft. An induced draught fan, driven by 
a 95 B.H.P. pipe ventilated motor, is fitted at the 
base of each chimney stack as shown in Fig. 7, 
Plate XXIX. The coal as it passes into every 
furnace is measured by a Lea coal meter, so that 
the consumption under each boiler is accurately 
known at the end of every shift. The Lea coal 
meters can be seen attached to the grates in 
Fig. 5, Plate XXVIII, which gives an excellent idea 
of the lightness and ventilation of the boiler- 
house. The ashes from the grates fall into ashpits 
whence they are removed by trucks in the basement 
as shown in Fig. 9, annexed. The trucks are 
brought into position and removed by a 24-ton 
battery locomotive built by the English Electric 
Company. The steam made by each boiler is 
measured by steam-meters, and the results checked 
by the meters measuring the condensate and the 
make-up water. The engineer is thus provided with 
the basic figures of operating efficiency for the 
boiler house, and to the intelligent use made of 
these figures is largely attributable the excellent 
operating results to which we shall refer in detail 
later. 

The switchboard room, which is an annex over- 
looking the engine room, is shown in Fig. 6, 
Plate XXVIII. On one side of the room is a desk 
type of board for controlling the 6,600 volt A.C. 
circuits, and opposite it is the low-tension board 
of the flat-back type. For communicating with 
the engine room and boiler house an electrically 
operated ships’ telegraph apparatus has been in- 
stalled, and the switchboard operator can also 
regulate the speed of the turbines by means of 
governor control switches, so that synchronising 
can be easily effected. The high tension switch 
gear is housed in stonework cells immediately 
underneath the operating room. The whole of 
the switchgear has been supplied by the English 
Electric Company. 

In June of last year it was decided that the new 
station, which had then been carrying for some 
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months the entire load of Blackburn, should undergo 
a systematic investigation with the object of raising 
operating conditions to the highest level of efficiency, 
and of establishing a standard of excellence which 
should thereafter be adhered to. The work was 
carried out by Mr. P. P.Wheelwright in collaboration 
with Mr. L. C. Kemp of the English Electric Com- 
pany, and by the courtesy of all concerned we are 
able to publish for the benefit of our readers the 
gist of Mr. Kemp’s report to the company, which 
is admirable both for the completeness of its in- 
formation and the manner of its presentation. 
During the month of June, the time was mainly 
spent in fitting and checking instruments, providing 
facilities for systematic coal analysis, calibrating 
gauges and meter and generally carrying out the 
preliminary work essential to obtaining complete 
and accurate records. A special boiler-house log 
sheet was drawn up, arranged for hourly entries 
of all important figures. The first series of syste- 
matic records was commenced on June 30, and it is 
instructive to note that within a few days the coal 
consumption per unit was reduced by nearly 10 per 


10. 


RESULTS | NDI 
OVER FOUR WEEKS 
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R:18,600 + 1-540 
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fi] EVENING 





0 
(s075.x) K-Kilowatt Hours Geverated (Thousands). 


cent., although no action other than the issuing of 
the log sheets had been taken by the management. 
The increase in operating efficiency was due entirely 
to the stimulation and encouragement of the staff 
by the exact knowledge of what results they were 
getting. It soon became apparent that further 
savings would be secured by making arrangements 
to minimise the banking losses by carrying the load 
on two boilers only and isolating the banked boiler 
at night. Experiments on the fire-thicknesses and 
grate speeds, and draught, were also carried out, 
with the result that it was finally found possible to 
carry 4-in. fires with combustion extending practi- 
cally the full length of the grates. In this way the 
CO, in the flue gases of the boilers in commission 
was brought up from an average of 6 per cent., to an 
average of 1] per cent. 

By careful attentioa to details both in the boiler- 
house and the engine-room the thermal efficiency 
of the station was raised from 10 per cent. at the 
end of June to 13 per cent. at the end of August, 
this being reflected in a reduction of the coal con- 
sumption from about 83 tons per day to less than 
65 tons per day. 


improvement continued at a practically steady rate, 
but early in September it appeared from the curve 
to have almost reached its maximum, the general 
shape of the curve for the whole period bearing a 
close resemblance to that of a sine curve taken 
between minimum and maximum. By the end of 
September, it was considered that the station had 


During July and August the | 

















been brought to about as good a condition, in respect 
of both operation and maintenance, as it was 
reasonable to suppose could be kept up in everyday 
working. In order to establish a record of the 
standard of thermal performance reached in the 
power-station, it was decided to conduct a trial 
extending over a month, and to plot the results in 
the form of Parsons lines, against which the per- 
formance of any shift could be subsequently checked. 
All recording instruments were examined and re- 
adjusted where necessary, in preparation for this 
trial. 

The trial was started on October 1, and continued 
for four weeks, comprising 84 consecutive 8-hour 
shifts. Systematic records were kept, showing: 
(a) The electrical units generated per shift ; (b) the 
quantity of coal consumed per shift ; (c) the quantity 
of steam generated per shift; and (d) the quantity 
of condensate per shift. Continuous records of the 
CO, produced by each boiler were made, and in 
addition to the above all the usual readings of 
temperature, pressure and draught were taken 
hourly, in order to keep a continuous check upon 
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the performance in the boiler room and in the engine- 
room. During the period of 28 days under con- 
sideration, the station output varied from a minimum 
of 3,000 kw.h. to a maximum of 50,000 kw.h. per 
8-hour shift, the aggregate output amounting to 
1,821,620 kw.h. The coal was analysed daily, the 
average calorific value over the whole period being 
11,050 B.Th.U. per lb. as fired. Check analyses 
of coal and ash were also made in an independent 
testing laboratory. 

The results of the month’s trial are shown diagram- 
matically in the three diagrams reproduced on 
this page. Fig. 10 shows the coal consumption per 
shift plotted against the electrical output during 
the same period, and through the points so obtained 
the Parsons coal line has been drawn. A curve 
showing the coal consumption per kilowatt-hour, 
which has been obtained from this line is also drawn. 
The equations corresponding respectively to the line 
and the curve are as follows :— 


C= 18,600+1:540K . . (I) 
and 





R = SO + 1-540 ae 


where C is the total coal consumption in pounds 
per shift ;. R is the average coal consumption in 
pounds per kilowatt-hour generated ; and K is the 
electrical output in kilowatt-hours per shift. 

From these equations, or from the lines themselves, 
the standard coal consumption corresponding to any 











electrical output can be determi It, will be seen 
that the coal consumption per uni®' generated 
corresponding to an output of 3,000 kw.h. is 23,220 
Ib., or 7-74 ib. per kilowatt-hour, w hereas:for an 
output of 50,000 kw.h. the coal consumption is 
95,600 Ib. or 1-91 Ib. per unit generated. Referring 
to equation (1) the constant of 18,600 Ib. represents 
the no-load coal consumption of the station and 
covers the total coal required to generate sufficient 
steam to keep one of the main turbo-alternators 
running light for 8 hours in readiness to take load, 
and also to cover all banking, radiation, leakage 
and auxiliary losses over the same period. The 
slope of the line, namely, 1-540 lb. of coal per 
kilowatt-hour, represents the net rate of coal 
consumption for each electrical unit generated after 
the constant no-load consumption has been met. 
It provides an index to the efficiency of heat con- 
version of the installed plant, and may be regarded as 
the “ coal consumption rating ’’ of the station apart 
from the no-load losses, As the electrical output 
of the station is increased, it will be obvious that the 
relative importance of the no-load losses becomes 






C-Coal Consumed. (Thousand 


0 
(s075.m)W-Steam Generated . (Thousand Lbs.) 


less, until in the limit a coal consumption corre- 
sponding to the slope of the line would theoretically 
be obtainable. In the present case this is 1-540 Ib. 
of coal per kilowatt-hour, which is equivalent to 
an overall thermal efficiency of 20-02 per cent. 
Defining machine load factor as the ratio between 
the actual output per shift, and the output which 
would have been obtained had the machine been 
running at full rated load throughout the shift, the 
following actual overall efficiencies for various 
machine load factors have been calculated from the 
coal line of the station. With machine load factors 
of 100 per cent., 80 per cent., 60 per cent., 40 per 
cent., and 20 per cent., respectively, the corre- 
sponding thermal efficiencies obtained are 17-43 per 
cent., 16-83 per cent., 15-98., 14-52 per cent. and 
11-42 per cent. These efficiency figures are based 
on the total units generated. The thermal efficiency, 
on the same basis, which was guaranteed by the 
English Electric Company for the station at full 
load was 16-1 per cent., so that the actual per- 
formance was very materially better than the 
guarantee. 

Referring now to Fig. 11, this diagram shows 
the relationship between the water evaporated and 
the total electrical output. The total quantity of 
water evaporated in the boiler-house, as obtained 
from the steam meters has been plotted, shift by 
shift, against the corresponding electrical output, for 
the whole of the 84 shifts covered by the period of 
test. The straight line drawn through the points 
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provides the following equations :— 
W = 100,000 +11-776K .  . (3) 


U = 100,000 411-776 Your th. 


of 80-6 per cent. The limiting thermal efficiency 
of the station is 20-02 per cent. These limiting 
figures, are, of course, only arithmetical deductions 
from the equations, and their significance depends 
upon the nature of the equipment and the methods 


in which W,represents the total water evaporated | of operation of the station remaining unchanged. 


in the boiler-house expressed in pounds per shift ; 


To return to Mr. Kemp’s report, upon which we 


U represents the overall steam consumption in| have drawn freely, it is without exception the most 


pounds per unit generated, and K denotes the elec- 


complete piece of work of its kind, which has ever 


trical output per shift, as before. The constant of} come under our notice. It might have been 


100,000 Ib. per shift represents the amount of steam 
supplied by the boilers to maintain the turbo- 
generator and its auxiliaries in readiness to receive 
load. The slope of the line, namely 11-776 lb. per 
unit, shows the “steam consumption rating” of 
the whole- power station, and represents the overall 
steam. consumption which would be ultimately 
obtained, with a load so great that the constant 
no-load losses were negligible in comparison. 

By combining the equations to the Parsons coal 
and steam lines the following further equations 
relating to evaporation can be obtained :— 


C#5,522+0-1308W . . (5) 
W=7-647C — 42,217 5 . (6) 
E = 7-647 — 42217 (7) 


where E represents the evaporation in pounds of 
steam per pound of coal, while C and W are as 
defined above. The evaporation line can also be 
obtained by directly plotting the water evaporated 
against the coal consumed, as in Fig. 12. From 
equation (5), or from Fig. 12, it is seen that when 
no steam is being generated a coal consumption 
of 5,522 lb. per 8-hour shift is required to maintain 
the boilers at full pressure, and in readiness to supply 
a small amount of steam at any time without notice. 
This quantity of coal therefore represents the no-load 
losses in the boiler-house, such as those due to 
radiation; &c:' We have already seen from equation 
(1) that’ 18,600 lb. of coal’ per shift:are required to 
make up the no-load losses of both boiler room and 
engine room, so that the difference between 18,600 
Ib. and 5,522 Ib., or 13,078 lb. of »coal per shift are 
consumed to make up the no: load losses of the 
engine-room alone. From equation (7) itis evident 
that as the coal consumption and consequently the 
electrical output of the station is increased, the 
evaporation tends towards a limiting value of 7-647 
lb. per pound of coal. 

The steam pressure and temperature throughout 
the months test, as taken from the average of ‘all 
recorded y were respectively! 207+7' Ib. | per 
square inch (gauge) and 576-8 deg. F. The average 
temperature of 'the water'entering the economisers 
was 171-8 deg. F.. The average calorific: value of 
the coal was 11,050 B.Th:U. per pound, and under 
these conditions the limiting evaporation of 7 +647 lb. 
of water per pound of coal corresponds to a limiting 
boiler efficiency of 80*6 per cent. “ Considering that 
the boiler plant had been in service for more than 
a year, this is a highly creditable performance. 
Although’ this is a limiting value, which; would only 
be obtained if the load were so great that the no-load 
losses. were negligible, in,,comparison, it must. be 
remembered that it is deduced from: a month’s steady 
working on a commercial, load; and is not a figure 
computed from a single test of.a few hours’ duration. 
That it could be obtained is attributable not only to 
the care taken’ in stoking, but. also to the cleanliness 
of the boilers. The outsides of the tubes were kept 
clean by frequent soot-blowing, ; while. internal 
sealing was eliminated. by the use of condensate for 
the feed-water, augmented by, make-up water 
obtained from the evaporator. 

Summarising)the results we have obtained, it will 
he seen that. the stand-by or,no-load, losses in the 
Blackburn’ Station are equivalent. to a constant 
consumption of 18,600 Ib. of..coal per 8-hour. shift, 
The boiler-room losses account for 5,522 Ib. of this 
coal, and. the remainder, namely 13,078 lb. per shift, 
are used in making steam, which does no) useful 
work. Neglecting the constant stand-by losses, 
every kilowatt-hour generated requires the expendi- 
ture of 1-540 Ib. of coal and 11-776 1b. of steam, 

e figures are the coal and water consumptions 


‘© which the station is approaching as the output | the summer of 1784, I fell in company with some 
mcreases, The evaporation corresponding to these| gentlemen of Manchester, when the conversation 
*onsumptions is 7-647 lb. of water per pound of coal, | turned on Arkwright’s spinning machinery.. One 


preferable for the diagrams to have been based on 
kilowatt-hours sent out from the station, rather than 
on. kilowatt-hours generated, but the tabulated 
statistics in the report enable the corrections to be 
made by those interested, and in any case the 
diagrams as they stand are directly comparable with 
those we published relating to the performance of the 
Dalmarnock Station. The Parsons lines for the 
station, established by the method of analysis 
employed, form criteria with which the operating 
results on any and every subsequent shift can be 
compared whatever the output. They give the 
standard coal and water consumption for the station, 
for all loads, and are not mere theoretical ideals, 
impossible to obtain, for they represent the average 
of actual performances, when the station was being 
run with scrupulous attention to details. Hence 
the staff may reasonably be expected to regard them 
as at least attainable, and to feel that they have an 
even chance of beating them, when equal attention 
is paid to operating efficiency. Both Mr. Wheel- 
wright and the English Electric Company are to be 
congratulated on the excellence of the performance 
of the station, and they are deserving of the thanks 
of power station men generally for having permitted 
the results to be published. 





THE CENTENARY OF EDMUND 
CARTWRIGHT. 


ON October 30, one hundred years ago there passed 
away at Hastings at the age of 80, the once famous 
Dr. Edmund Cartwright, a minister of the Church 
of England whose name is associated with the 
introduction of power weaving. Though not the 
first to devise a mechanical loom, Cartwright at a 
critical time in the history of the cotton industry 
attacked the problem, of working looms by power, 
and having solved it, put his machinery into use 
on a commercial scale. He was also one of the first 
to attempt the difficult, task of woolcombing by 
machinery, and though by his work on. these 
important inventions he lost his fortune, he, however, 
gained. for himself a place among the handful of 
pioneers. whose work is connected with, the. great 
Industrial Revolution of the eighteenth century. 
The. story.,of Cartwright’s invention is a curious 
one. In the isolation of a country parsonage he had 
spent) his leisure in writing poetry and, in. corre- 
spondence with literary men, and had also made 
experiments in farming. But, according to his own 
account, up to the age of 40 he had neither turned 
his attention to mechanics or had even seen a loom. 
A chance visit to. Derbyshire, where , Arkwright 
had erected the first spinning factory, led to Cart- 
wright. being drawn to the study of weaving, and 
from, that, time the current of his whole life was 
changed. Returning, home from Derbyshire, with 
the aid of the local. artisans he contrived a loom 
which could be driven by an animal. It took some 
years for. power weaving to become common, but, 
the new industry may. be said to have had its birth 
in his Leicestershire parsonage. . 
Cartwright was born at Marnham, Nottingham- 
shire, April 24, 1743, and was thus a. few years 
younger than Arkwright and Watt. A descendant 
of a family long-established in the county, he received 
his education at Wakefield Grammar School and at 
University College,, Oxford, and became, a fellow 
of Magdalen College. He took holy orders, married 
a lady of means, and was first given the perpetual 
curacy of Brampton, near Wakefield, and in 1779 
the living of Goadby Marwood in Leicestershire. 
His visits to Derbyshire took place five years later. 
Of this he wrote ““ Happening to be at Matlock in 





which is equivalent to a limiting boiler efficiency | of the company observed, that, as soon as Ark- 





wright’s patent expired, so many mills would be 
erected, and so much cotton spun, that hands never 
could be found to weave it. To this observation 
I replied that Arkwright must then set his wits to 
work to invent a weaving-mill. This broughtfon a 
conversation on the subject, in which the Man- 
chester gentlemen unanimously agreed that the 
thing was impracticable; and in defence of their 
opinion, they adduced arguments which I certainly 
was incompetent to answer, or even to comprehend, 
being totally ignorant of the subject, having never 
at that time seen a person weave. I controverted, 
however, the impracticability of the thing.” 

His slumbering talent for invention thus being 
aroused, Cartwright immediately on his return home, 
without even attempting to exagnine the looms in 
use boldly attacked the problem brought to his 
notice, and with the aid of the village carpenter and 
smith made a loom. ‘“ As I had never before,” 
he said, ‘‘ turned my thoughts to anything mechani- 
cal, either in theory or practice, nor had ever seen 
a loom at work, or knew anything of its construction, 
you will readily believe that my first loom was a 
most rude piece of machinery. The warp was placed 
perpendicularly ; the reed fell with the weight of at 
least half a hundred weight, and the springs which 
threw the shuttle were strong enough to have thrown 
a Congreve rocket. In short it required the strength 
of two powerful men to work the machine at a slow 
rate, and only for a short time.” By April, 1785, 
he had advanced far enough to take out a patent, 
and others followed in October, 1786, and August, 
1787. Cartwright’s work, it will be seen, was thus 
contemporary with the later work of Watt on the 
steam engine, with Cort’s invention of puddling, 
and with the attempts of Miller and Symington to 
work boats by steam. 

The cotton industry was at this time advancing 
by leaps and bounds. Through the inventions of 
the flying shuttle and the spinning machines of 
Hargreaves, Arkwright and Crompton, the import 
of cotton into the country had in ten years been 
trebled, and in the space of another ten years it 
trebled again. Kay’s flying shuttle had enabled the 
wearer to weave faster than varn could be produced, 
and then the spinning machines had reversed the 
position. Under these circumstances the speeding- 
up of weaving could not long be delayed, and it is 
evidence of the acuteness of Cartwright’s mind that 
he so quickly saw the urgency of the problem. 

Having improved his mechanical loom he next 
proceeded to install his machine in a. factory of 
his own at Doncaster where he used a steam engine 
for driving the looms. In 1791 a factory was also 
built by some manufacturers at Manchester, but this 
was almost immediately destroyed by. fire, a cata- 
strophe which did much to hinder the introduction 
of Cartwright’s methods. The opposition of the 
workmen to new machinery was. intense. Har- 
greaves had had his house burned down, and 
Arkwright’s factory was sacked. But improved 





methods and new machinery nearly always in the 
long. run. mean more employment, greater wealth 
and wider benefits, and these results are nowhere 
more noticeable than in the textile industries, 
Cartwright’s own factory at Doncaster had a 
life of about six years, He had followed up his 
invention of the power loom by attempting to make 
a woolcombing machine and had taken out two or 
three more patents. By 1793 he had spent some 
30,0001., and was deeply in debt. He therefore 
relinquished his works and, recording his feelings 
in a stoical sonnet, removed to London. 
..“T reach’d the object of my views sublime, 
And, richly freighted, bore my cargo ‘home : 
My friends expectant fill the crowded strand. 
But ere I gain the shore what storms arise, 
My vessel founders e’en in sight of land, 
And now a wreck upon the beach she lies ! 
With firm unshaken mind that wreck I see, 
Nor think the doom of man reversed for me.” 
Cartwright is also known as the inventor of a form 
of engine which he patented in 1797. Most early 
books on the steam engine describe this, and there 
are drawings of it in the Science Museum. The most 
interesting features of the engine were its piston 
with metallic packing, its surface condenser and the 
ingenious method Cartwright adopted of driving 
two cranks from one crosshead and thus’ doing 
away with the necessity of a guide or. parallel 
motion, It was this engine which Fulton in his 
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correspondence referred to as possibly being suitable 
for driving a steam boat. Cartwright’s condenser 
consisted of two cylinders, one within the other. 
The outer one was kept cold by being placed in a 
tank and the smaller one was filled with water. 
The condenser was formed by the annular space 
between. If desired, the engine could be worked 
by spirit vapour. Of the engine Bourne remarked 
“There is a great deal of ingenuity displayed in 
this combination, but the devices are more elegant 
than feasible, and engines made on this plan were 
not found to work well.” 

This was the last of Cartwright’s patents and the 
latter part of his life was devoted mainly to agricul- 
ture. From 1800 to 1807 he was employed by the 
Dukes of Bedford on an experimental farm at 
Woburn, and he secured recognition from the 
Society of Arts and the Board of Agriculture for his 
work. By 1806 his power looms having become a 
source of considerable profit to the Lancashire 
manufacturers, steps were taken to obtain some 
reward for the inventor. Some 50 of the most 
prominent firms of Manchester sent a memorial to 
the Prime Minister, Cartwright himself petitioned 
the House of Commons, and in 1809 the Government 
voted him a sum of 10,0001. With a part of this 
money he bought a small farm at Hollander, between 
Sevenoaks and Tunbridge, and there he spent the 
remainder of his life in congenial occupations, “a 
portly dignified old gentleman, grave and_ polite, 
but full of humour and spirit,” like Watt inventing 
to the last. His death took place at Hastings, and 
he was buried in the church at Battle, where a tablet 
was erected to his memory. 





THE BRITISH ASSOCIATION. 
(Concluded from page 490.) 
SECTION B.— CHEMISTRY. 


CaTALyTIC ACTION OF COPPER. 


Tue paper by Mr. W. G. Palmer, M.A., of Cam- 
bridge, on “ Catalytic Action in the System Copper, 
Copper Oxide, Oxygen and Gaseous Reducing 
Agent,” was a contribution to his studies of the 
catalytic action of metals and their oxides and of 
the rates of metallic oxidations. In researches of 
both kinds, he pointed out, powdered—and not 
massive—metals had to be used, but the oxidation of 
finely-divided metals was too rapid often for accurate 
temperature measurements, He therefore experi- 
mented with metallic films, but found clay cylinders 
impregnated with metallic salts which were then 
reduced useless for his purposes. He prepared pure 
carbonates of the metals, and rubbed the dried 
powder, moistened with oleic acid, on the clay 
cylinder which was then placed in the reducing 
Bunsen flame ; outside the flame the film of reduced 
copper would turn into black oxide. Such a film 
on clay was, for the particular experiments, after- 
wards reduced again, by heating it in a stream of 
carbon monoxide or hydrogen, or oxidised in an 
oxygen atmosphere. The rate of oxidation or 
reduction was observed by determining the change 
in the electric resistance of the film, about 0-001 
mm. in thickness, assuming that the resistance 
would increase proportionally to the progressive 
oxidation; silver foil terminals were clamped 
to the cylinders for the measurements. Mixtures of 
reducing gas, carbon monoxide or hydrogen, with 
oxygen were found to oxidise the copper at 250 
deg. C. more readily than pure oxygen did, while 
the reduction of the oxide by either of the two 
reducing gases mentioned would take place only 
in the presence of some metallic copper, the reduction 
being really proportiona] to the amount of that metal 
present. The whole reactions were not simple; 
of course; the question to be studied was the 
equilibrium between copper, its oxide, oxygen and 
the reducing gas. Copper oxide, reduced at 150 
deg. C. would begin to oxidise, first into Cu,O and 
then into CuO, at 165 deg. The rate of the diffusion 
of the oxygen seemed of no importance in these 
experiments with thin films, nor was the carbon 
dioxide formed ; but the water formed by the com- 
bustion of the hydrogen acted as a negative catalyst. 


THE QuANTUM THEORY IN CHEMISTRY. 


Discoursing on the ‘ Quantum em | in 
Chemistry,” Professor G. N. Lewis, of California 








University, one of ‘the leaders in this field of re- 
search, said that the quantum theory of discon- 
tinuity, though producing one of the greatest 
revolutions in the history of thought, corresponded 
better to experimental observation than the classical 
theory of continuous processes and the methods of 
infinitesimal calculus which were not untrue, but 
not applicable to physics. Dalton’s atomic theory, 
Helmholtz’s deductions from Faraday’s law of 
electrolysis, the distribution of energy in» the 
spectrum, Einstein’s work on specific heat and on 
photochemical equivalence, and Bohr’s energy 
levels in the atom, all involved discontinuity.. When 
the electric discharge was passed through gases at 
increasing potentials, the electrons first seemed to be 
entirely free to travel in all directions, as if in a 
perfect vacuum, without losing energy to the mole- 
cules encountered. But when a certain potential 
and velocity were reached, a new phenomenon arose ; 
the electron did give off energy to the molecule, 
which was then ionised. Any molecule, however 
complex, had a condition of relative stability 
from which it could only be moved by a certain 
definite amount of energy. In exemplification Pro- 
fessor Lewis showed curves of the synthesis of 
ammonia, as studied in his laboratory, by passing 
the discharge through mixtures of nitrogen and 
hydrogen. Until the potential was raised to 15 
volts, no ammonia was produced at all; the 
ammonia yield then increased, as the potential rose, 
not in a. continuous curve, however, but in steps. 
Such a curve, he remarked, no chemist would have 
accepted fifteen years ago. 

Proceeding, Professor Lewis stated that combina- 
tion, ¢.g., of two atoms of chlorine to a chlorine 
molecule was ascribed to their outermost electrons 
(one in each case outside the octet of four pairs) 
uniting to a pair. That “bond ” might be loose or 
rigid. If loose, it had been thought, the bond might 
be stretched in thermal agitation, for instance, and 
yield to small and large forces, or the one electron 
might pass over to the other atom. Colour, #.e., 
emission of visible radiations, had been considered 
characteristic of loose bonds, whilst the electrons of 
rigid bonds would have a natural period of high 
frequency. That view had seemed to be incom- 
patible with the assumption of absorption and 
emission of distinct energy quanta. But there were 
large and small steps in the energy levels of Bohr, 
and the molecule had to be lifted to a higher energy 
level before it could react. The pair of electrons 
forming the bond need not be symmetrical with 
respect to the two atoms ; the more it was shifted to 
one side, the more that part would become hegative 
and show polarity. There might also be several 
(and more complex) bonds, their number correspond- 
ing to the valency of the atom, which in a molecule 
would vary with the character of the other atoms. 
To clear up the theoretical difficulties a large number 
of gas reactions and of magnetic phenomena should 
be thoroughly investigated. 


Tue Bour ATOM AND THE PerrRiopic Law. 


Dr. N. V. Sidgwick, F.R.S., of Oxford, who read 
the next paper on “‘ The Bohr Atom and the Periodic 
Law,” referred to Bohr’s table which we produced 
on page 423 of our issue of October 5, and also to 
Fig. 5, annexed, with the aid of which the natural 
families of the elements can be traced better than 
in the groups and sub-groups of the table, essential to 
Bohr’s atomic model. The top row of the table gave 
the quantum numbers »;, in groups. In the third 
group » had the constant value 3, k took the values 
1, 2,3; the ratio n/k indicated the character of the 
electronic orbit, which was a long ellipse for sub- 
group 3,, an ellipse for 3, and a circle for 3; (when, 
n=k= 3). The figures in the vertical columns 
corresponding to the sub-groups indicated the 
numbers of electrons in the successive shells which 
in the case of gold, 79 Au., e.g., were 2, 4, 4, 6, 6, 6, 
8, 8, 8, 8, 6, 6, 6, 1, the largest number of electrons, 
viz., 8, being not in the outermost shell (as Langmuir 
had suggested), but in inner shells. In the family 
of the inert gases the total number of electrons 
(atomic number or ordinal number) rose from 2 in 
helium, to 10 in neon, 18 in argon, &c., to 86 in 
niton (emanation) [and possibly to 118 in an un- 
known element]. 

The horizontal and sloping lines of Fig. 5 help 
us to trace these elements, and similarly other 





families can be traced... Hydrogen stands. ‘apart, 
but is connected both to the alkali metals (lithium 
sodium, &c.), and to the halogens (fluorine, chlorine, 
&c.). At 11 Na sodium there is again bifurcation ; 
the one set of lines goes on to K potassium, Rb, 
rubidium and Cs caesium, the other to Cu copper, 
Ag silver and Au gold. Again Mg magnesium is 
similarly related to calcium, &c.,; on the one hand, 
and to zinc, &c:, on the other. Thus we have the 
alternating series and ‘columns of the old ‘periodic 
table brought out more clearly again. Further, we 
find the iron’ family, from 21 to 28 (scandium, 
titanium, vanadium, chromium, manganese, iron, 
cobalt and nickel),’ and similarly the yttrium- 


Fig. 5. 
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palladium and the rare-earths families. framed in 
Fig. 5. All the elements in these framed: groups 
are very similar to one another; those of the iron 
groups are generally distinguished by strong para- 
magnetism, marked colour, variable valency and 
high catalytic power. These and other peculiarities, 
Dr. Sedgwick explained, could be: connected with 
electronic grouping. As regards combination, he 
suggested that an electron could migrate from one 
atom to the other to form a polar or ionic link, in 
addition to the bonds formed by the pairs of shared 
electrons of Lewis. In order to account for the 
stability of the latter bonds he assumed. the possi- 
bility’ of complex orbits of one, electron about two 
nuclei, 8-shaped, for instance—a, suggestion which 
Professor Bohr was unable to accept. 

Dr. Coster was to continue the discussion of these 
problems; but his paper was transferred to 
Section A, and was noticed by us on page 452 ante. 


ConcLupInG. REMARKS. 


There ‘was only one evening discourse during 
the’ meeting, and that was delivered by Pro- 
fessor G. Elliot’ Smith, F.R.S., on ‘The Study 
of Man.” ‘But the number of lectures given to 
citizens, children’ and various bodies in and near 
Liverpool by distinguished members of the Associa- 
tion was exceptionally large, and the keenest interest 
was taken in all these, official and unofficial pro- 
ceedings. That was ‘strikingly evidenced also at 
the Soirée held on the ‘Tuesday of tlie week in the 
University building. The Soirée came practically 
at the end of the meeting, when members might 
well plead fatigue. Yet the rooms in which the 
many “lecturettes”—not a word to be recom- 
mended—were given during the course of the 
evening attracted’ crowds, as did ‘the’ 135 demon- 
strations which one could examine cursorily without 
being obliged to sit out a lecture, and as the sectional 
transactions had done: Some of the exhibits for 
this Soirée had been brought over from the exhibi- 
tion of scientific apparatus which we noticed on 
page 402 of our issue of September 28 ; others were 
illustrative of papers read. 

As regards the excursions complaints were rightly 
made by the honorary local secretaries that members 
who had received tickets did not always avail 
themselves of their opportunities, to the disappoint- 
ment both of their hosts, who had prepared for 
large numbers, and of unsuccessful applicants. But 
members aggregating from different parts of the 
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world do not always find it easy to adhere to arrange- 
ments, when so many attractions are provided and 
programmes have ito ‘be somewhat changed. “The 
guide to the numerous excursions and visits to 
works, edited by Mr. Edwin Thompson, one of the 
local secretaries, was a very useful book. A five days’ 
excursion to the Isle of Man followed the meeting. 

The signal success of the Liverpool meeting more 
than justified bold anticipations. With a final 
attendanée of 3,296 members the Liverpool meeting 
of 1896 was after all eclipsed, and Liverpool, 1923, 
ranks third in the annals of the Association, next to 
Manchester, 1887, with 3,838 members, and New- 
castle, 1863, with 3,335 members. Qualitatively 
the meeting will be equally noteworthy. The high 
character of the transactions of most of the sections, 
not only of those to which we have to limit ourselves, 
was much commented upon. Liverpool professors, 
while doing their best for their visitors, may not 
altogether regret that members had to put up with 
certain discomforts of crowding; it may help them 
to larger lecture rooms. At some future British 
Association meeting some member may be able 
to show how good ventilation and good acoustics 
can be combined with -freedom from street noises 
and draughts; but that will not be in the near 
future, we are afraid. 

Thanks largely to the good attendance, the 
grants have once more come up to the pre-war 
level, viz., to 1,0591. Of this sum 25/. went to 
Section G for the Committee on Stress Distribution ; 
2001. to Section A for Seismology (100/.), Mathe- 
matical Tables and Tables of Constants (50/.), and 
for the Committee which is to investigate ‘“‘ Local 
Variations of the Harth’s Gravitational Field by 
means of .the EKétviés Balance” (50/.); while 
to Section B for the Committees on Colloids, 
on Absorption Spectra, and on the Quantum Theory 
in Chemistry 251, was. allotted. The City of Liver- 
pool was amply entitled to the thanks to which Sir 
Ernest Rutherford and Sir Oliver Lodge gave expres- 
sion at the concluding meeting; Sir Ernest’s presi- 
dential address had been broadcasted, and he men- 
tioned that an unknown friend of his had listened 
to that address in Switzerland. 

Next year the British Association will meet in 
the University of Toronto, probably on September 
3 to 10—earlier, if that can be arranged in con- 
junction with the shipping companies and with the 
American Association. for the .Advancement of 
Science, which, it is hoped, will assemble about 
the same time at Buffalo, for the co-operation of the 
two bodies. A Mathematical Congress, also to 
be held in Toronto, will partly overlap with the 
Association week. The great’ excursions to the 


West Coast and other extended excursions are to | effect of this is that any person may thereafter ask 
precede the meeting ; for these members will have | as a right to the grant of a licence under the patent, 
to leave England in the last days of July. Full | the terms being settled between the parties, or failing 
particulars of this visit—the second to Toronto and | that, by the Comptroller himself. 


the fourth to Canada—and of the facilities that the 


Canadian authorities and the railway and shipping | part of his rights, he is only called upon to pay half 
companies may be able to grant are to be published |the amount of the ordinary renewal fees. The 
early in the new year. Professor J. C. McLennan, | Comptroller has to be guided in settling the terms 
F.R.S., is chairman, and Professor J. C. Fields, | of the licences in this way by the considerations that 
F.R.S. (both of Toronto), is honorary local secretary | it is endeavoured to secure the widest possible user 
for the meeting and we wish every success to their | of the invention in this country consistent with the 
exertions. Major-General Sir David Bruce, F.R.S., | patentee deriving reasonable advantage and _ profit. 
famous for his fight against the tse-tse fly and | Further, it has to be borne in mind that there shall be 
substantially equal advantages among all the 
licencees, and the Comptroller may so word the licence 
as to preclude importation by the licensee from 
abroad of articles similar to those patented. 


sleeping sickness, will be the president. 





BRITISH PATENTS ACT. 


AN official publication of the Consolidated Acts | to advertise the request for the purpose of satisfying 
governing the grant of Letters Patent for inventions | himself that the patentee is not precluded by 
in this country having recently been issued, a con-| contract from having his patent endorsed as he 
venient opportunity is afforded of reviewing the | desires. About 20 patents appear to be endorsed 
changes in the law which were made by the latest | by the Comptroller under the licences of right section 
Act incorporated, that is to say, the Act of 1919, | every week, but on the other hand such endorsement 
particularly as experience has now been gained of | is often cancelled at the request of the patentee if no 
the interpretation and working of some of the | opposition is raised against this action. It is found 
in practice that although many patents are endorsed 

The Act itself comprises 22 sections, most of which | “‘ Licences of Right,” the proportion of manu- 
vary materially certain: parts of the main Act to | facturers asking for licences by virtue of their right 
Which it is appendant, and in addition many|is comparatively small, although advantage has 
mportant alterations are effected by means of an | been taken of the Act on this point in a number of 
appended schedule of minor amendments. cases. 

As regards Patent Office practice the amendment 
of patents, licences, opposition to the grant of|to the grounds of opposition is important because 


clauses of this Act. 


The main sections of the Act deal with the working 
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rights of the Crown, partial validity of a patent and 
the protection of chemical products. Minor amend- 
ments’ deal) with ‘the ‘terms for filing a complete 
specification, and other details of Patent Office 
procedure and amplification of the search powers of 
the Patent Office, publication of the results of the 
examiners’ searches and the conversion of a patent 
of addition into a main patent on the expiry of 
the parent case. 
In examining some of these features in more detail 
attention is first directed to the provisions for the 
prevention of abuse of monopoly rights. These take 
the place of the working clauses of the previous Act 
which were found to be somewhat unsatisfactory. 
Now, any person interested may at any time apply 
to the Comptroller alleging that there has been an 
abuse of the monopoly rights conferred by a patent, 
and asking for relief. It is provided that the rights 
shall be deemed to have been abused if at any time 
after the expiry of four years from the date of the 
patent the invention is not being worked in this 
country on a commercial scale, and if no satisfactory 
reason can be given for such non-working. 
Other cases of legal abuse of the monopoly rights 
comprise prevention of working here by importation 
from abroad, failure to meet the demand for the 
patented article to an adequate extent and on 
reasonable terms, refusal of the patentee to grant 
licences. upon reasonable terms whereby trade in 
this country is prejudiced, and the imposition of 
conditions to the purchase or licence of the patented 
article or working of the patented process in such 
a manner as unfairly to prejudice trade or industry. 
The idea underlying the whole section relating 
to the prevention of abuse of the rights granted to 
the patentee is summed up in a proviso which states 
that for the purpose of determining whether there 
has been any abuse of the monopoly rights under a 
patent it shall be taken that patents for new in- 
ventions are granted not only to encourage invention 
but to secure that new inventions so far as possible 
shall be worked on a commercial scale in the United 
Kingdom without undue delay. The Comptroller 
is provided by the law with powers for granting 
licences or even for revoking the patent according to 
his judgment on the facts placed before him. 
Possibly the next most important provision in the 
Act is that relating to the endorsement of patents 
to bring them within the section which deals with 
the grant of licences of right. This is an entirely 
new provision, and practice shows that it has been 
much used by patentees. 
At any time after the sealing of the patent, if the 
patentee so requests, the Comptroller shall endorse 
the grant with the words “ Licences of Right.” The 


As in this way the patentee is, in a sense, giving up 


Before endorsing the patent the Comptroller has 


on documents which have been made available to the 


public at any time within fifty years before the date 
of the patent application being opposed. On the 
other hand, it is no longer permissible to rely on 
the claims of a prior British patent if it was published 
before the date of the application being opposed, 
although if it was not published, that ground is still 
open unless the claims of themselves actually publish 
the matter claimed in the application in question. 
The point may appear to be small, but is worth 
noting, because in one or two cases a certain amount 
of difficulty has arisen thereon. 

The term of a patent has now been fixed for 
sixteen years from the date of application in place 
of the previous term of fourteen years. This 
extension of two years which automatically applies 
to all patents, and therefore embraces those on which 
war losses were suffered, must not be confused with 
the extension it is still possible to obtain under 
special circumstances for an additional term due 
to loss owing to hostilities. 

The Act specially provides that where by reason of 
hostilities the patentee as such has suffered loss or 
damage he may apply for an extension of the grant, 
and as it was foreseen that many cases would arise 
under this section a simple method of procedure 
was made in place of the more elaborate and 
expensive procedure under previous Acts. Many 
cases have been heard by the court under these new 
provisions of the law, and a number of patents have 
in that way been extended. 

The new law amends the procedure by which the 
terms are to be settled for an invention used by the 
Government. Now the court may settle any matter 
in dispute, whereas formerly the terms could only 
legally be determined by the Treasury, and this in 
some cases was considered undesirable. 

As to court procedure a most important change 
has been made, because now the court. has power 
to grant relief in respect of particular claims of a 
patent. Previously, if one claim of a patent were 
invalid the patent as a whole was void. As it may 
mean a trial in the House of Lords before the validity 
of any particular claim could finally be determined, 
the advantage to the patentee of the new provision 
is important because he may now reasonably retain 
in his specification a claim which he is of the opinion 
might well be valid, but might be invalid, whereas the 
risk under previous Acts might be too great. 

The section now added dealing with the protection 
of chemical products determines that no claim may 
validly be made in a patent to such products unless 
it is limited to the particular new process also 
claimed. In practice this has given rise to a con- 
siderable amount of difficulty between inventors 
and the Patent Office, and now the settled method 
appears to be that claims for products must be 
worded exactly in accordance with the terms of the 
Act. 

Of the minor amendments introduced by the new 


Act one of the most important is that which enables 
any one to obtain the results of the Patent Office 
search on any given application by payment of a fee. 
This is in accordance with practice in the United 
States of America, and to some extent with the 
policy followed in Germany, but there one cannot 
ask for the results of the search as a right. Many 
applications have been made under this section in 
this country, and much useful information on the 
scope of an allowed patent has thereby been secured 
by manufacturers at small cost. 








THE CYCLE AND MOTOR CYCLE SHOW 


AT OLYMPIA. 
(Concluded from page 506.) 
On the stand of Rudge-Whitworth, Limited, were 


displayed cycles of representative types to suit the 
varied requirements of the different classes of users. 
Of these the model illustrated in Figs. 13 to 16 
on page 520, may be regarded as characteristic 
of the design, construction and finish of all the 
machines manufactured by this firm, but it has 
an added interest in that it shows the features 
introduced to the engine to make use of high speeds 
of running. The general arrangement of the cycle 
is shown in Fig. 13, while other views of the engine 
and its detachable head are given in Figs. 14 and 15 








Patents, the term of a patent and its extension, the 





it is now possible to rely, in opposition proceedings, 





and a section through the four-speed gear is provided 
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EXHIBITS AT THE CYCLE AND MOTOR CYCLE SHOW AT 
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Fic. 17. 23-Horsz-20wrer Corron Motor CycLe ; THE Corton Motor Company, GLOUCESTER. 


in Fig. 16. The engine has a bore and stroke of | to the pair of valves it works is clearly shown in 
85 mm. and 88 mm., respectively. Four valves are | Fig. 15. The two inlet valves are connected to a 
used for the control of the operations in the cylinder, | common stub pipe to which the carburettor is 
of which two are for admission and two for exhaust. | attached, and the exhaust port is led away from the 
There is a single cam to operate these valves, and | side of the engine to enable a free passage of the 
the two tappet rods which are placed beside each | cooling air to rush by the valve sleeves and boxes. 
other receive their motion through rockers from the | The whole of the head is ribbed in the direction of 
cam. The rods are situated in a groove in the ribs | the air flow to improve the cooling action, and there 
on the cylinder and head. The form of rocking | is little obstruction to deflect its passage. The 
levers used to carry the motion from each of the rods | head is attached to the cylinder by four studs. The 








OLYMPIA. 








Fie. 14. 34-Horsze-Powrr Rupee Four. 
SPEED Four-VALVE ENGINE. 














Fig. 15. DertacHaBLe CyninpER HEAD OF THE 
Four-VALvE RupGE ENGINE. 


piston is made of aluminium, and has spiral grooves 
cut on the wide part below the springs and at the 
foot. This form was developed for use on the racing 
machines of the firm and has proved so satisfactory 
that it has now been made the standard. It has 
been found: that when this construction is in use, 
in conjunction with a scraper ring, the accumulation 
of carbon: deposit on the piston head are much 
reduced. The valves are of the hollow stem type 
with two concentric springs on each, and have 
split conical spring cotters. 

The four-speed. gear has been designed so that all 
the shafts through which the power is transmitted 
run on ball or roller bearings and all the gear wheels 
have double helical teeth which are constantly i 
mesh. The gear changes are effected by the dis- 
engagement and engagement of dog clutches and 
splines. The engine chain drive is taken to the 
larger wheel at the left-hand side of the drawing, 
Fig. 16. On one side of this there is a four-plate 
clutch, and on the other the sprocket from which 
motion is taken by the chain to the rear wheel. 
The inner fixed sleeve of the clutch is mounted on 
serrations and a cone on the end of the main shaft, 
and carries a roller bearing in a housing to which the 
driving chain sprocket is bolted. Four steel plates 
with rings of friction fabric attached to them by 
tubular rivets are engaged to the outer clutch 
member by serrations on their outer edges. Between 
these there are four hardened. steel plates, which 
engage on their inner edges, in a similar fashion, 
on the inner fixed sleeve. The clutch is prov ided 
with a coiled spring and is put out of engagement by 
the use of a rod passing through the centre of the 
main shaft. Of the wheels in the gear it is the 
movement of the inner two sets that causes . 
change of. gear ratio. If the first pair at the «ute 
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. me structural principles of triangulation. There are* 
no distorted main tubes, such as are frequently to 
THE CYCLE AND MOTOR CYCLE SHOW. be seen in motor-cycle design, and thus the conti 
some stress actions which their presence causes are 
eliminated. All the tubes are straight and the frame 
is composed of triangles, laterally as well as in the 
vertical plane. Strength and rigidity are thus 
obtained and the destruction of alignment due to 
exceptional riding conditions must be considerably 
reduced. The advantages accruing from this type 
of design were well borne out in.the International 
Tourist Trophy Race of June, 1923, when the 
machine which won the premier award in the 
Junior Section established a record for the Isle of 
Man course. This was made possible by the 
liberties which the driver could take at the many 
corners on the route without impairing the strength 
of the frame. The engine fitted to the model 
illustrated in Fig. 17 is the standard Blackburne 
four-stroke unit of 2? h.p. In association with it is 
a Burman three-speed gear with hand-controlled 
clutch. 

The motor-cycle which is regarded by many 
+ enthusiasts for speed as the highest rank in design 
Fic. 18. BrovucH Surertor Motor Cycte; Mr. GeoraE BrovuaH, NorrineHaM. and construction is the Brough Superior. It is 
manufactured by Mr. George Brough, of Hadyn- 
Fig. 19. road, Nottingham. The illustration in Fig. 18 

gives a general idea of the design. The engine 
installed is one manufactured exclusively for this 
cycle by Messrs. J. A. Prestwich and Co. Examples 
of engines of smaller size made by this firm were 
described in the first part of this article (see page 506, 
last week’s issue). The engine of the Brough cycle 
is a V type, twin-cylinder unit of 85-5 mm. bore 
and 86 mm. stroke. The piston is of an aluminium 
alloy and the valves are made of a chrome-vanadium 
steel. In place of the usual value caps, aluminium 
heat dissipators are fitted. A three-speed gear 
made by the Sturmey-Archer Gear Company, is 
provided. In it the wheels are made of nickel- 
chrome steel. There is a hand-controlled clutch 
with four plates. The transmission is by Hans 
Renold chains, but they are not completely enclosed, 
as that construction is regarded as a dangerous one 
in case of breakage at the high speeds the machine 
is capable of. Brakes are fitted to both wheels. 
They are of the internal expanding type in which the 
shoes are lined with Ferodo. The throttle and 
Fig. 20. ignition controls are made of the twist grip type, 
F THE in which the hand grips on the handle bars are made 
‘a to turn to give the required motion for the purpose. 
Te o A form of loop construction is used in the frame, 
Ss YY, SS 1 and the complete power unit is secured within it 
“OOVeS | | KG SSS Y ay by three bolts. The rear portion is triangulated, 
it the x “e SES + eis a and it is claimed that absolute lateral rigidity has 
racing ME SSI BIE K_ KXKKKKKKIJJTT E_&K&<&<& ‘EAR been obtained with this design as no tendency to 
\ctory aide ere oer gran oo aomeeearcliees © 3 - = —— = —— - —_ - —_  - —_.- “speed wobble” is observed. The design of the 
t has Merten oe USK ESE, OY) JG SSNS Sw frame also has the advantage that the cylinders 
1 use, | Wi x es Sk Y ap can be removed while the engine is in place, although 
lation . NS the saddle height is the lowest used with any motor 
much aN cycle with the same type of engine. 
type / ou The T. B. Three-Wheeler is a good example of 
have i modern design of that type of vehicle. It has a 
chassis (Fig. 19), built up of steel tube. This con- 
sists of a main frame and a sub-frame which is 
swung vertically below it and attached to the rear 
springs. It has two front wheels and a single 
driven one at the back. The engine is an 8-h.p. 
to 10-h.p. J.A.P., which may be either of the water 
or air-cooled types. The bore and stroke are each 
85 mm. To the engine is bolted the gear-box 
i which gives three speeds ahead and one reverse. 
A clutch of the multiple disc type, provided with 
Ferodo insets, a brake drum and universal joint, 
are situated at the rear of the gear-box. . Shaft 
transmission is used and the drive is carried through 
to the bevel pinion, the teeth of which engage with 
those of the large bevel wheel mounted on the hub. 
lates The whole system is fitted with ball bearings, and is 
n by . ! } enclosed in an aluminium case. Fig. 20 shows the 
jutch \ | / details of this part of the mechanism. A band 
ween ee a brake lined with Ferodo is mounted beside the 
rhich ya bevel drive. This is operated from a hand lever 
hion, Fics. 19 anp 20. T.B. THrek-WHEELER; Messrs. THOMPSON Bros. (Bitston), Limirep, BILSTON. | through a connecting link and a bell crank lever, 
ided to the two ends of which the band is connected. 
ib by end are moved towards the left, the main shaft|shaft. Similarly two other speeds can be obtained | The steering gear is of the direct type in which there 
t the is gripped to the surrounding system connected to | with the other set of wheels. is a bracket on the end of the steering tube to. which 
the the driven sprocket and gives a direct drive. This} The Cotton motor-cycle, which is illustrated in| a connecting rod is attached and gives motion to 
the pair of wheels can also be set in a neutral position | Fig. 17 is an example in which a definite endeavour | the steering rod from which radius arms communi- 
utch or to the right when the drive is through the lay | has been made to obtain strict accordance with the| cate it to the hubs. Ball joints are used in this 
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arrangement to reduce the possibilities of the 
development of rattle. All the wheels are detachable 
and are interchangeable. 

The introduction of a miniature engine of 63 cub. 
cm. capacity by Clement Motors, of Albany-street, 
London, created a great amount of interest. 
Although of such small dimensions as 45 mm. bore 
and 55 mm. stroke, some remarkable performances 
have been made on cycles driven by this four-stroke 
engine. Medals and other awards have already 
been obtained in competitions for light-weight 
machines by the use of this little power unit. The 
complete machine, consisting of engine, reducing 
gear and magneto is assembled for attachment to 
a cycle frame or to a stand for the driving of small 
tools. 








SENSITIVE TRIPPING MECHANISM FOR 
OIL SWITCHES. 


THERE is perhaps a tendency towards complication 
in modern electric control and switch gear, and there is 
certainly a tendency towards refinement. This is 
understandable and in many respects admirable, but 
none the less both commonsense and experience suggest 
that if any end may be achieved in either of two or 
more ways, the simpler will in general be preferable. 
The growing complication, however, is not due to any 


love for elaboration, but is the result of attempts to | 


make such gear more sensitive and more capable of 
dealing with the many possible electrical conditions 
which may arise in practice. At one time, for instance, 
the station engineer had to be satisfied with simple 
overload devices on his machine and feeder circuits. 
In due course reverse current or reverse power arrange- 
ments were introduced, but these in their early forms 
were hardly of much value, as their effective operation 
depended on voltage coils connected across the very 
circuit being controlled, and likely to prove ineffec- 
tive just when they were required, owing to a fall 
in bus-bar potential. 

The earlier simpler arrangements have long been 
considered inadequate for the protection of important 
feeders, transformers, &c., and various split-conductor, 
balanced-voltage, balanced-current and other forms 
of protection have been introduced. These are, in 
general, very effective and have the great advantage 
of operating independently of any fall in bus-bar 
voltage. Most or all of them operate through relays, 
and the actual work of tripping switches is done by some 
auxiliary supply usually furnished by a battery. This 
arrangement has much to commend it, since the relays 
require only small currents which can be furnished by 
instrument transformers of a simple kind. The intro- 
duction of the auxiliary tripping battery, however, 
introduces a further link in the chain of apparatus 
employed. Such new link necessarily carries new 
possibilities of failure and involves its own particular 
maintenance, and any method which will retain the 
discriminating and other valuable features of the 
split-conductor or other type of protection, and at the 


same time will simplify the circuits concerned by | 


eliminating the battery is likely to be weleomed. These 
features are claimed for the operating and sensitive 
tripping mechanism for oil switches which has been 
introduced by Messrs. Ferguson, Pailin, Limited, of 
Higher Openshaw, Manchester. 

Messrs. Ferguson, Pailin’s tripping device, which is 
illustrated in Figs. 1 to 14, on this and the opposite 
pages, forms part of an oil switch-operating gear and 
does not necessitate the use of any independent relays 
or tripping circuit, A low fault current from an 
instrument transformer is sufficient to trip the switch 
direct without the use of any intermediate electrical 
links. The device incorporates a very interesting 
feature in that the energy required to open the switch 
is applied to it while it is being closed, and is stored up 
ready to be disengaged when the trip coils operate. 
The trip coils are required only to free this stored energy. 
This feature of the device leads to the important 
condition that the work required from the trip coils 
is independent from the pressure on the catch holding 
the switch closed, which is determined by the pressure 
between the switch contacts and. the adjustment 
generally. There is thus no need for the tripping 
arrangements to be calibrated for any particular 
condition, and there is no danger that the switch will 
not trip even if it is badly adjusted. 

General views of the Ferguson-Pailin tripping device 
are given in Figs. 1 and 2, while Figs. 3 and 4 show the 
same thing with the trip coils removed, so that the 
operating mechanism is exposed. The links shown at 
the left-hand sides of these figures are connected up 
to the oil switch levers in such a way that as the levers 
are pulled forward by the horizontal rod to which they 
are attached the switch is closed. With the rod in the 
position shown in Figs. 1 and 4 the switch is open, and 
in the position shown in Figs. 2 and 3 it is closed. The 














projection of the rod from the front of the trip gear 
casing gives a positive indication of the position of the 
switch. The horizontal rod is traversed forward and the 
switch is closed by moving down the forked hand lever 
from the position shown in Fig. 1 to that shown in 
Fig. 2. The actual drive from the hand lever to the 
rod is performed by a toggle which is shown in full and 
broken lines in its two extreme positions in Fig. 5, 
in which the hand lever is indicated by the letter a. 
The toggle arrangement is shown as an independent 
detail in Fig. 7, and it will be clear that as the hand lever 
is moved downwards as indicated by the arrow the 
block b, to which the short arm of the toggle is pivoted, 
will be traversed from left to right. This block 6 can 
slide on the horizontal rod and carries a steel ball which, 
when the switch is being closed partly lies in a groove 
cut in the horizontal rod. This ball forms the only 
connection between the block and the rod, and the pull 
required for closing the switch is transmitted through 
the ball. The block 6 is rectangular in cross-section 





normally up against the stop and the bridle in the 
position shown in Fig. 8. When the block 6 is in its 
forward position, the toggle moves slightly beyond its 
dead centre, as shown in full lines in Fig. 7, so that the 
block is locked in position and the switch is held closed. 

The switch is tripped by throwing the bridle into 
the position shown in Fig. 9. This removes the securing 
roller from above the ball which then rises out of the 
groove due to the pressure of the horizontal rod 
which is tending to move to the left owing to the pull 
of the switch opening-springs, or weights. The hori- 
zontal rod is thus freed and the switch opens. The 
bridle is thrown over from the position shown in Fig. 8 
to that shown in Fig. 9, not only if the tripping coils 
operate, but also if the switch handle is moved jerkily, 
or if the pressure is released from it while the switch is 
being closed. The coil trip operates in any position 
of the rod so that the device gives a loose handle effect, 
while the arrangement by which the switch opens, if the 
handle is moved jerkily or if the pressure is released, 


























Fig. 1. 























Fig. 3. 


and is prevented from rotating by a pair of circular 
guides fixed below it which are indicated in Fig. 5, 
but are perhaps more clearly shown in the cross-section 
given in Fig. 10. This figure also gives an end view 
of the hand lever and toggles. 

It will be clear from the arrangement shown in Fig. 7 
that as the block 6 is traversed forward by the 
toggle, the ball instead of driving the horizontal rod 
might rise out of the groove so that the block would 
simply travel forward without moving the rod. Any 
effect of this kind is prevented by a roller situated above 
the ball and carried by a bridle pivoted to the block 6. 
This bridle is shown in Fig. 5 and can be seen at c in 
the views of detail parts given in Figs. 6, 8, 9 and 11. 
The point at which the bridle is pivoted to the block 
is best shown in Figs. 8 and 9. As the switch is closed 
and the ball attempts to rise out of the groove in the 
horizontal rod it presses on the back side of the roller 
and tends to swing the bridle in the direction shown by 
the upper arrow in Fig. 8. Movement in this direction 
is, however, prevented by an adjustable stop fixed to the 
top of the block 6 and bearing against the roller 
carried by the bridle c. The arrangement is shown 
in Fig. 8. A light curved spring, which is shown 
in Figs. 5, 8 and 9, is employed to keep the roller 





Fia. 4. 


prevents the switch being partly closed and then slowly 
opened again with the possibility of drawing out an arc. 
The part of the mechanism which opens the switch if 
the closing handle is not operated smoothly and con- 
tinuously is shown in Fig. 6. Pivoted on one of the 
bearing pins of the bridle c there is a small pawl lever d 
the lower end of which engages with arack. This rack, 
which is shown in Fig. 5, as well as Fig. 6, is fixed to the 
frame of the trip gear. The upper end of the pawl 
lever d bears against a pin projecting from the side arm 
of the bridle c and is kept up against it by a light spring. 
The pin on the bridle and the spring are shown in Fig. 6. 
The operation of this pawl lever d will be fairly obvious 
from what has been said. When the switch is being 
closed the lever simply rides over the teeth of the rack 
and does not affect any other part of the mechanism. 
If, however, an attempt is made to open the switch 
before it is properly closed the pawl lever catches in 
the rack and swings on its pivot in the direction indi- 
cated by the arrow in Fig. 6, so that its upper end 
catches the projecting pin and pushes the bridle into 
the position shown in Fig. 9, and the switch opens. 
It will be clear that this mechanism also serves as 4 
hand release and that the switch will open if the handle 
is moved upwards. 
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The trip coil release which operates in case of overload, 
out-of-balance current or such other condition as may 
be arranged, is actuated through a tripping bridge 
which is shown in the lower part of Fig. 5, and is 
indicated at ¢ in the detail given in Fig. 8. This bridge 
js carried on two radius arms so that it can move with 
a. parallel motion. It lies normally in the position 
shown in Fig. 8 and is so held by the spiral spring 
connecting the two radius arms, which brings the sides 
of the levers up against a pair of small stops fixed near 


Fig. 5. 







a 


v 





the ends of the tripping bridge and shown in Fig. 8. 
The bridle ¢ carries a projecting arm which has not so 
far been referred to, but which is clearly shown in 
Figs. 8 and 9. In Fig. 8 this arm is hanging vertically 
and terminates just above the upper surface of, the 
tripping bridge e. As the tripping bridge is, operated 
in case of overload, or, other condition, it is swung 
upward on its radius arms in the direction indicated by 
the lower arrows in Fig. 8, and catching the projecting 
arm of the bridle ¢ pushes the bridle upward so that it 
falls into the position shown in Fig. 9, and the switch is 
released, As the length of the. tripping, bridge covers 
the full travel of the bridle c, during the closing of the 


switch the trip may operate at any position of the 
switch so that it instantly comes into action if an 








attempt is made to close the switch on a short. 


The tripping bridge e is moved by the tripping arm f 
which is secured to the same spindle as the right-hand 
radius arm, as shown in Figs. 8 and 11, and the switch 
is tripped by the fall of the weighted end of a spring- 
driven bell-crank lever against the upper end of the 
arm f. This weighted bell-crank lever is moved into 
its upper position when the switch is closed, and the 
stored energy of its weighted end and its stretched 
spring is released when the trip coils operate, and is 
utilised to move the tripping bridge and open the 


the position indicated by broken lines in Fig, 12, 
As the lever moves into this position it carries the bell- 
crank lever g with it as its upper end bears against 
the small roller mounted on the side of the bell-crank 
lever as shown in Figs. 12 and 13. This action takes 
place as the block 6 moves from right to left as the 
hand lever a is being lifted and the block 6 is travelling 
back to pick up the main closing rod. On the return 
stroke, when the hand lever a is being pushed down- 





wards and the block 6 is travelling from left to right, the 
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switch. The weighted bell-crank lever and the parts 
connected with it are shown in their position in relation 
to the whole mechanism in Fig. 5, and independently 
in Figs, 12. and, 13. The weighted bell-crank lever is 
indicated by the letter g, and is shown in its upper 
position with the energy of its weight and stretched 
spring stored ready to release the switch in Fig. 12. 
The position after operation is shown in Fig. 13. When 
the switch is closed the bell-crank lever g is moved into 
the position: shown in Fig. 12 by means of the lever h. 
This lever is normally held in its mid position as shown 
in Figs. 12 and 13, by means of the spring also shown in 
those figures. When, however, the switch is being 
closed a small roller mounted on the block 6’ and 
indicated at:« in Fig. 6, catches the right-hand side of 





the lower arm of the lever 4 and pushes'the lever into 


a) 


(7915.6 ) 


roller ¢ meets the other side of the lever h, which simply 
rides over it without affecting any other part of the 
mechanism. 

From what has now been said the method of operating 
the switch will be understood, and the purpose of 
the lever g which embodies the stored energy which 
serves to open the switch when the trip coils operate. 
The method of setting the bell-crank trip lever g has 
also been dealt with, but nothing has been said about the 
way in which this lever is retained in the position shown 
in Fig. 12 and the way it is released by the trip coils, 
Both of these functions are performed by the catch 
lever &. As will be seen the curved arm of this lever 
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is formed with a slot in which slides a pin carried by the 
straight arm of the lever g. The relation between the 
radius of the slot and the positions of the pivot points 
of levers g and kis such that as the lever g moves from 
the position shown in Fig. 12 to that shown in Fig. 13, 
it moves the lever k between the corresponding positions 
of the figures. . As will be clear, the effect of the arrange- 
ment is that if lever k is held lever g will also be held, 
and this lever is retained in the position of Fig. 12 with 
its energy stored ready to open the switch by means of 
the spindle IJ. This spindle is free to rotate against 
the action of a restraining spring and is partly cut away 
in the neighbourhood of the end of the lever k. The 
effect of the arrangement is that as the lever g is lifted 
to the position shown in Fig. 12, as the switch is closed, 
the rounded end of the lever k comes against the flat 
on the spindle J and rotates the spindle. As soon as 
the end of the lever has passed the flat the spindle 
springs back into its initial position and the lever is 
held as shown in Fig. 12. The trip is released by the 
rotation of the spindle 1 by the trip coils, so that the 
end of the lever & slips past the flat of the spindle and 
the mechanism falls into the position shown in Fig. 13. 

The only remaining feature of the gear with which we 
have to deal is the connection between the trip coils and 
the spindle 1. This is of a very simple nature, and is 
illustrated in Fig. 14, which is a side view of one of the 
trip coils and its armature. As will be seen, an adjust- 
able lip carried by the armature engages with the 
projecting end of a small bridle secured to the spindle I. 
Normally the apparatus stands as in Fig. 14, but in 
the event of the trip coils becoming energised the 
armature is attracted so that the right-hand end falls 
and rotates the spindle / sufficiently to release the 
lever k and the trip gear operates as has been described. 
The spindle 7 moves back to the position shown in Fig. 
14 under the action of its controlling spring, immediately 
the armature is released. It should be noted that very 
little work is required from the trip coils as the spindle / 
is controlled by a very light spring only, and the 
pressure of the end of the lever & is very small, since 
the leverage of the arm of & at the spindle / is about 
12 to 1 as compared with the leverage at the point 
where the load is applied to it by the bell-crank lever g. 

As will be seen from Fig. 14, the trip coil armatures 
are arranged with adjustable stops above them, for 
use when setting up. There are three sets of trip coils 
and armatures arranged side by side, but any armature 
can operate independently and open the switch without 
reference to the other two. At the left-hand end of 
each armature there is an adjustable balance weight, as 
shown in Fig. 14, and the tripping conditions are deter- 
mined by the position of this weight. Adjustment of 
setting to operate at from 40 per cent. to 300 per cent. of 
full load current may be obtained in this way without 
alteration of the air gap, so that the impedance of the 
trip coil circuit is constant, and adjustment of the trip 
conditions does not affect the accuracy of any instru- 
ments which may be connected in series with the coils. 
This trip gear will operate from a ring-type current 
transformer at currents as low as 30 amperes, this being 
the fault current which will actuate the trip when con- 
nected to a transformer of this type, with 4 in. depth 
of core and having 15 turns of No. 16 8.W.G. double 
cotton-covered wire, the current passing through the 
trip coil being 0-7 amperes. The trip coil takes about 
1-5 volt-amperes. The ring type current transformer 
is the strongest form electrically and has the advantage 
that it can be slipped over any cable or other insulated 
conductor. It may finally be noted that the design 
and arrangement of the trip coils allows them to be 
immersed in oil if considered desirable. 








THE MECHANISM OF A THUNDERSTORM. 


In his inaugural address to the Institution of 
Electrical Engineers, Dr. Alexander Russell, the new 
president, gave a general survey of a large part of 
the enormous field which electrical engineering now 
covers. Much of his matter was of necessity concerned 
with the story of developments which in their outline 
are generally familiar. In the course of his address, 
however, he devoted an interesting section to ‘* Thunder- 
storms.’’ These are natural phenomena to which 
considerably more ge eral attention was devoted 
in bygone years than apvears to be the case at present, 
and, Dr. Russell’s explanation of the mechanism of a 
thunderstorm in terms of modern physics, which we 
now summarise, is likely to be read with interest. 

Dr. Russell began by referring to the remarkable 
thunderstorm which visited London on the night of 
July 9-10 last. The storm appeared on the south coast 
and progressed W,N.W. at a speed of about 25 miles 
an hour, travelling through London, Bedford and Hull. 
The main rainfall, which was torrential in places, 
extended over a belt about 30 miles or 40 miles. wide. 
The lightning flashes in some places occurred with only 
a few seconds’ interval for hours at a time. The 
discharges were mainly from cloud to cloud, or from 





a cloud. to the upper air, and so the damage done: was 
not serious. It will be useful. to consider the physics 
of the problem. In. a Royal Institution lecture on 
May 18, 1860, Kelvin reminded his audience that.many 
years previously Beccaria with. very insensitive instru- 
ments had made many records of atmospheric electricity. 
He suggested that now that accurate instruments were 
ayailable careful records should be made. He wanted 
to know in particular how electricity was. distributed 
in fine weather in. the strata of the atmosphere up to 
a distance of 6 miles. He pointed out that this could 
easily be done by means of balloon observations. He 
wanted to know also whether the particles of rain, 
hail and snow possessed charges of electricity. 

To picture what happens more clearly we shall 
describe some of the additions made to our knowledge 
during the last twenty-five years by meteorological 
science. From data published by the Meteorological 
Office we find that in the south-east of England if the 
temperature of the air at the earth level be 10 deg. C., 
then as we go vertically upwards it falls uniformly for 
a distance of 6 miles where the temperature is only 
about — 53 deg. C. After this altitude is attained the 
temperature, curiously enough, remains almost practi- 
cally constant up to the greatest height reached by 
pilot balloons, which is about 12 miles. The layer of 
the atmosphere up to 6 miles high is called the tropo- 
sphere. Above this is the isothermal layer called. the 
stratosphere. Clouds only appear in the troposphere. 
There is very little moisture in the stratosphere. For 
example, practically no snow falls on the top of Mount 
Everest. The snow on it is blown up from lower 
down the mountain. 

On a calm day as we go upwards the electric potential 
gradient diminishes. In midsummer a usual ground 
value is of the order of 100 volts per foot. In mid- 
winter the average ground value is at least twice as 
high. In foggy weather it is sometimes greater than 
500 volts per foot. In fine weather the potential 
difference between the ground and the top of the 
troposphere is of the order of 1,000,000 volts, and 
above this the potential gradient is practically zero, 
and so the isothermal layer is also an equipotential 
layer. This voltage between the earth and the equi- 
potential layer is, however, much too small to produce 
a lightning flash. That requires at least thousands of 
millions of volts. 

The surface of the earth is generally, at negative 
potential but it sometimes has a small positive potential. 
Owing to the vertical potential gradient, the electrons 
from the earth are always moving skywards and act 
like a vertical earth air current. Sir Francis Ronalds, 
an early member of the Institution of Electrical Engi- 
neers, made observations at Kew Observatory for the 
British Association. He found that the intensity of 
the atmospheric electrification had a maximum value 
every morning and another maximum value in the 
afternoon. Chree has shown that these maxima values 
are usually greatest in cold weather. Possibly, there- 
fore, they may be due to smoke or other impurities in 
the atmosphere. 

The following table may be taken as roughly typical 
of the temperature, pressure and electric strength of 
the atmosphere at various heights above the ground 
up to 12 miles. The ground temperature and pressure 
are supposed to be 15 deg. C. and 760 mm. of mercury 
respectively. 








Electric 
Height in Temperature, Pressure int Strength in 
Miles. Cc. Millimetres. Kilovolts per 
Centimetre. 
0 15 7 28-0 
3 — 15 412 17-0 
6 — 50 206 10-0 
9 — 50 96 4-6 
12 — 50 44 2-1 














The table shows that at a height of 3 miles the 
temperature is below the freezing-point, and the 
electric strength of the air is only about half what 
it is at the surface of the earth. At a height of 24 miles 
the barometric pressure would only be about 2-4 mm. 
and the electric strength would only be of the order 
of some hundreds of volts per centimetre. At some 
height, probably about 30 miles vertically’ up, the 
electric strength would attain a minimum value. At 
greater heights it would) begin to increase very ‘rapidly 
and soon become at least 30 times greater than the 
electric strength of air at ground level. Mr. J. L. R. 
Hayden placed two l-cm. spheres in a kenotron bulb 
at a distance of 0-3.em. apart. At atmospheric pressure 
the disruptive potential gradient was 47 kv. per centi- 


| metre, but with an excellent vacuum a gradient of 


1,235 kv. per centimetre was required to break down 
the gap. A good vacuum therefore has an electric 
strength at least 26 times the strength of air at ordinary 
pressures. 

Mr.. F. W. Peek has shown that a much higher 
impulsive voltage, that is, a voltage similar to that 


‘positively charged descending downwards. 





which causes Lodge’s B flash, is required: to: spark 
over @ given distance than a voltage at ordinary working 
frequencies. He also. shows that some substances 
which act as conductors at working frequencies can be 
punctured by impulsive. voltages. For instance, he 
found that. an impulsive voltage of 149 kv.:broke-down 
the gap between two 1-in. spheres, immersed im water, 
at. a distance of 1 in. apart.. The conducting water 


therefore acted. asi if it were a dielectric haying an 


electric strength between three. and four times that 
of air. 

It is easy to get a discharge from an electrode to 
the surface of water. The author remembers once 
being in a small boat on the sea on a perfectly calm 
day during a thunderstorm. Where the lightning 
struck the sea a narrow column of.spray, or more 
probably steam, seemed to rise suddenly not unlike 
the splash made by a gannet when diving. Possibly 
when @ flash of lightning strikes sandy soil and forms 
a fulgurite, vapour or smoke might be observed. 
When. it. is considered that 2,000,000 volts will only 
bridge a. few feet in air, the voltage of a lightning 
flash to earth must be exceedingly high. We can 
conclude from laboratory experiments that the electric 
resistance of fog or mist is greater than that of clear 
air, but that its electric strength is much the same. 

Let us now consider very briefly the mechanism of 
a thunderstorm. Owing to the small potential 
differences produced by the ordinary earth-air electric 
current, and consequently the minute amount of 
electrostatic energy stored in the field, we are justified 
in assuming that the most important function of this 
current is in assisting to start the storm. A thunder- 
storm usually travels over considerable distances and 
keeps on generating prodigious quantities of electrical 
energy. It functions like an electrostatic machine 
driven by a very powerful motor. We have to consider 
what produces the energy which the lightning flash 
converts into heat, light, sound and radio waves. 
Aviators and balloonists report that the air in the 
centre of a thundercloud is practically always moving 
upwards with considerable velocity. In the upper 
layers of the troposphere, owing to ionization, there are 
sometimes many free electrons. If the humidity of the 
upward current of air-be-high enough the vapour 
condenses round the electrons and so the air is full of 
minute globules of water. Some of these coalesce 
together forming larger drops. If the vertical velocity 
of the air be greater than 8 m. per second (17 miles 
per hour) the large drops as they are blown upwards 
often break into smaller drops. Experiment shows 
that the charge on the smaller drops is generally negative 
and on the larger drops positive. As the larger drops 
are often kept oscillating in the higher and very cold 
strata of the atmosphere owing to fluctuations in the 
velocity of the air currents, they keep melting and 
freezing again, producing ordinary hailstones. As the 
gusts vary we have the large drops and _hailstones 
Electrical 
energy, due partly to the work done by gravity on 
the descending drops and by the air currents on the 
ascending drops, is stored in the atmosphere. On the 
upper part of the cloud we have a negatively charged 
layer and on the lower part a positively charged layer. 
The falling drops keep increasing the potential! difference 
until it gets so high that a disruptive discharge ensues. 

We have-imagined the cloud to be bipolar. Several 
kinds of electric discharge can therefore ensue. We 
may have brush discharges between the upper layer 
and the better conducting layers higher up. Some 
kinds of sheet lightning could be caused in this way. 
On a summer evening it is not very unusual to see 
sheet lightning in broad flashes coming from a cloud 
and ending in the upper air. . An ordinary flash also 
has sometimes been observed to end in clear air. If 
another cloud drifts up we may have a flash between 
the upper layer and. this cloud. We may have flash 
discharges between the lower layer and the earth or 
another cloud. Possibly also we may have a flash- 
over between the two poles of the thunder cloud when 
they are not too far apart. 

Operations of this nature happen during a thunder- 
storm. The separationof the charged drops due to 
the difference in their velocities produces high potential 
differences. There is plenty of energy available. The 
work done by an inch of rain falling a mile is 27,500 . 
ft..1b., or the one-hundredth part of a kilowatt-hour, 
per square foot of the earth’s surface. It has recently 
been shown that in general the purer the raindrops 
the greater are the electric charges they assume on 
pulverisation. In particular, any contamination of & 
raindrop with sodium chloride diminishes the charges 
produced when it breaks in air. This Bait has the 
effect’ of diminishing the intensity of thunderstorms 
at seaside towns. It has been suggested that the 
introduction ‘of ammonia into the upper Jayers of the 
atmosphere would hinder the development of a thunder- 
storm. To’ utilise this practically, however, could 
rarely be attempted as a thunderstorm usually covers 
a large area. scares 

What we as’ engineers are specially interested in 1s 
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how to protect buildings and apparatus and power 
and communication lines from damage due directly 
or indirectly to lightning flashes or to the gradual 
accumulation of electric charges. I think that there 
is no need to call a second Lightning Rod Conference. 
The principles laid down by Sir Oliver Lodge in this 
Institution in 1889 still hold good. They have been 
adopted by the Lightning Research Committee of the 
Royal Institute of British Architects. In practice 
they are found quite satisfactory. 

We now know that lightning discharge is unidirec- 
tional although it may be rapidly pulsatory. But 
even @ unidirectional discharge gives rise to an alter- 
nating current in line wires, and may give rise to 
alternating currents in lightning conductors. The wires 
in insulated conductors have been found broken into 
small pieces by a lightning discharge. This seems to 
point to rapidly alternating currents. Lodge’s A and 
B flashes of lightning are known to all students of 
electrical engineering. The B flash, which is the 
dangerous one, is also referred to as an impulsive 
discharge. I think that possibly too much stress is 
laid on the importance of having a low resistance to 
earth of a lightning rod. About twenty-five years 
ago I measured the resistance to earth of the conductor 
of a large chimney stack. It came to 70 ohms. As the 
end of the conductor was buried in coke I had it dug 
up to examine the earth plate. This was found to be a 
brick placed there twenty years previously by the 
workman who erected it. I was told that the conductor 
had several times been struck by lightning and acted 
quite satisfactorily. I have noticed that workmen 
before the test is made sometimes pour a pail of water 
on the spot where the conductor enters the ground. 
Possibly they think that a high earth resistance is a 
reflection on the way they perform their duties. 





THe Institution oF ELECTRICAL ENGINEERS’ 
ScnotarsHips.—The following scholarships for 1923-24 
have been awarded by the Institution of Electrical 
Engineers :—A Salomons Scholarship (value 50.) to 
Mr. James Linton (Heriot Watt College, Edinburgh). 
David Hughes Scholarships (value 501. each) to Mr. R. 
MacWhirter (Royal Technical College, Glasgow) and 
to Mr. R. E. Banks (The University, Birmingham). 





THE Nortu-East Coast INstituTION oF ENGINEERS 
AND SHIPBUILDERS.—The opening meeting of the 
fortieth session of the North-East Coast Institution of 
Engineers and Shipbuilders was held on Friday, the 
19th inst., when Sir Archibald C. Ross delivered his 
presidential address. After briefly surveying the work 
done by the Institution in the past, and commenting on the 
steady maintenance of membership numbers, the in- 
creased attendance at the meetings and the general 
excellence of the papers read, the president referred to 
the great importance of the graduate section for the 
training of young engineers. The value of the Institu- 
tion in the development of the industries of the district 
was unquestioned, but the efficiency of the service 
rendered could only be maintained if their finances were 
improved. The subscriptions of members were not 
sufficient for the full purpose they would like the Institu- 
tion to fulfil, and he looked to his fellow members to 
extend material as well as moral help. 





THE LIVERPOOL CoRPORATION TRAMWAYS.—From the 
report of Mr. P. Priestly, the general manager of the 
Liverpool Corporation tramways, it appears that the 
City of Liverpool are now operating 136 miles of tramway 
track. During the period covered by the report, namely, 
the fifteen months ending March 31, 1923, the net 
profits amounted to 174,1327. 12s. 10d., which sum was 
transferred to Reserve and Depreciation account. The 
two previous years’ workings showed deficits of 33,0001. 
and 48,0007 respectively. The gross profits for the year 
of the report represented a return of 15-5 per cent. on 
the capital expenditure, which stands at 2,375,802I. 
The total operating charges per car mile were 20-625d., 
to which must be added 1-449d. for interest and sinking 
fund. The car-mile earnings were 24-704d. and the 
average passenger fare was 2-104d., as compared with 
2-128d. the previous year. The cost of electric current 
for the fifteen months was 191,870/. 12s. 5d. The mileage 
Tun was 18,328,405 miles; 215,129,289 passengers were 
carried ; and the receipts were 1,878,876/. 12s. 04d. 





InstrruTIon oF NavaL ARcHITECTS.—The date for 
the opening of the next annual meetings of the Institution 
will fall on Wednesday, April 9, 1924. The Council will 
be pleased to consider papers on subjects relating to 
Naval Architecture or Marine Engineering. Such offers 
(or suggestions for papers on matters of interest to the 
Institution) should, if possible, be sent in by the close 
of the year. Applications for admission to the Institu- 
tion next year of candidates as members, associate- 
members, associates, and students are now being con- 
sidered by the Council, and members are invited to put 
forward as soon as possible any candidates they may have 
to propose, in order that full consideration may be given 
to the candidates’ claims. Proposal forms may be 
obtained om application: The Council invite subscrip- 
tions, donations or bequests to the benevolent fund. 
Owing to the summer meeting having been held this 
year later than usual, the issue of the annual volume 
of Transactions to members will be somewhat delayed. 
It is hoped. to complete the volume very shortly. 
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THE LATE MR. A, L. DEARLOVE. 


Mr. ArtTHuR Loven DEARLOVE, an engineer of 
ability who devoted his lifetime to the solution of 
some of the problems of submarine telegraphy and 
supervised the laying of many great cables, died, at 
the age of 64 years, on Friday last, at his house, 
41, Hill-street, Berkeley-square, London. 

He was the son of Ralph Dearlove, of Higham Hall, 
Northamptonshire, and was educated under Dr. Aldom 
at Leyton, and at King’s College, London. After 
receiving his early training in the workshops of Messrs. 
Latimer Clark, Muirhead and Co., he held the post of 
assistant in their laboratory, and also had charge of 
the manufacture of condensers and the duplex apparatus 
which that firm supplied to the cable companies. He 
carried out the conversion of the London-Emden cable 
to duplex working and also the system of the Eastern 
Telegraph Company. When this work was completed 
in 1879 he joined the staff of Messrs. Clark, Forde and 
Taylor, the submarine cable engineers, and in their 
service supervised the iaying of many cables, amounting 
to something of the order of 100,000 miles. For many 
years he was engaged on research work with Mr. Herbert 
Taylor on questions relating to long-distance cable 
working, and in conjunction with that gentleman and 
Mr. 8. G. Brown he took part in the development of the 
“* Taylor-Brown-Dearlove *’ system of automatic trans- 
mission on submarine cables. In 1898, Mr. Dearlove 
was taken into the firm of Clark, Forde and Taylor 
as a partner. 

Mr. Dearlove contributed to the technical press 
articles on ‘‘ The Capacity of Long Submarine Cables ”’ 
and “‘ Notes on the Anglo-American Company’s 1894 
Atlantic Cable,’’ and was the author of a useful book 
entitled ‘‘ Working Speed of Submarine Telegraph 
Cables of Various Cores and other Data.’? He was a 
member of both the Institution of Civil Engineers and 
the Institution of Electrical Engineers. 











THE DAYSOHMS ALTERNATING-CURRENT 
ARC WELDER. 


A DEMONSTRATION was given at Faraday House on 
Friday last of the Daysohms alternating-current arc 
welding apparatus, the special feature of which is its 
applicability to the welding of very thin sheet metal. 
The difficulty of doing this in general is of course due 
to the liability of burning holes right through the 
metal by the arc. The Daysohms apparatus, which is 
made portable so that it can be wheeled like a barrow 
to the job, consists of a transformer to reduce the 
supply current to the requisite voltage, and a specially- 
controlled choking coil. The latter has a movable 
keeper whose range of motion is limited by two adjust- 
able stops, one of which regulates the welding current 
and the other the striking current. These stops can be 
set independently of each other by means of hand 
wheels on the top of the apparatus. The operator 
first sets one stop to limit the welding current to the 
value required for the job in hand and then sets the 
other to give a striking current as slightly in excess of 
the welding current as possible. The work can then 
be proceeded with without further adjustment. The 
apparatus is made in two standard sizes, with normal 
capacities ranging up to 80 amperes and 150 amperes 
respectively. Sheet iron of 19 and 20 gauge could be 
readily welded without difficulty, the seams being 
perfectly sound and free from burning. The latest 
design of the apparatus is quite inexpensive, and is 
said to be highly efficient. The Paragon Electric 
Company, of 56, Victoria-street, Westminster, 8.W. 1, 
who are the selling agents for the welder, also showed 
the Davies and Soames’ device for providing for the 
protection of the operator from shock when using 
alternating current for welding. We illustrated and 
described this device fully in our issue of July 28, 
1922. It consists essentially of a kind of relay which 
automatically reduces the voltage to 25 volts as soon 
as the arc is broken, the full voltage being auto- 
matically restored when welding is recommenced. 





THE MICHELL CRANKLESS ENGINE. 
To THE EpiToR oF ENGINEERING. 

Srr,—In connection with the Michell crankless éngine, 
described in ENGINEERING for October 5, it may be of 
interest to note that the engine will be in perfect balance 
if the mass of the slant agrees with the expression given, 
whatever may be the number of equally-spaced cylinder 
centre lines, provided that this number is greater than 
two. 

Yours faithfully, 
GrorGE §. Bower. 

Dirker, Marsden, October 18, 1923. 








DanisH SHIPBUILDING.—The largest ship to be built 
up till the present in Scandinavia is understood to have 
been ordered by a Norwegian owner from the Nakskov 
Shipbuilding Company in the island of Lolland. It is 
a tank steamer of about 14,000 tons. 





THE PHYSICAL SOCIETY OF LONDON. 


At a recent meeting held at the Imperial College of 
Science, Mr. Alexander Russell, M.A., D.Sc., in the 
chair, a lecture, entitled “‘ The Eacitation and Ionisation 
Potentials of Gases and Vapours,” was delivered by Pro- 
fessor F. Horton, M.A., D.Sc., F.R.S., Royal Holloway 
College, University of London. The following is a sum- 
mary of the paper: The study of ionisation potentials 
dates back to the discovery of the phenomenon of the 
ionisation of gases by collision, but the theoretical 
importance of a knowledge of the least difference of 
potential through which an electron must fall in order 
to acquire sufficient energy to ionise a gaseous atom or 
molecule on collision with it has greatly increased since 
the propounding by Bohr of his theory of atomic 
structure. Bohr’s theory predicted the possibility of 
an atom being excited to emit radiation by the impact 
of an electron having energy in excess of a definite 
minimum amount—an amount corresponding to an 
“excitation ’’ potential less than that required for 
ionisation. This prediction has been verified experi- 
mentally for a large number of different atoms, and the 
study of excitation and ionisation potentials has yielded 
strong support for the fundamental assumptions of the 
theory. 

The experimental methods of investigation may be 
divided into two classes :-— 

(1) Those depending on the detection of the loss of 
energy by the colliding electron. 

(2) Those depending on the detection of the radiation 
or ionisation resulting from the collisions. 

An account was given of several investigations by each 
method and the results obtained were briefly summarised. 
The case of helium was referred to in greater detail. 
Bohr’s view of the structure of the helium atom was 
described and the way in which it leads to the prediction 
of a meta-stable state of thisatom wasindicated. Experi- 
mental results in support of this view were quoted. 
Finally, the prediction of the absorption by a normal 
atom of radiation emitted by another similar atom during 
the transition from an excited to the normal condition 
was explained, and the experiments by means of which 
the prediction has been verified were described. 





THE OPTICAL SOCIETY. 


At a meeting of the Optical Society held at the 
Imperial College, on Thursday, October 11, 1923, the 
following papers were read and discussed :— 

** Notes on the Elementary Algebraic Theory of a Class 
of Photographic Objectives,” by Mr. E. T. Hanson, B.A. 
After a short discussion of the general theory of the first 
order aberrations in a system ot thin lenses, the equations 
expressing the absence of Seidel’s first four aberrations 
in an objective consisting of two thin systems of lenses, 
separated by an interval, are formed. When each of the 
two thin systems consists of only two lenses, the equations 
can be put in a form which admits of an elegant graphical 
solution, regard being paid to the necessity of obtaining 
a solution in which no one of the lens curvatures exceeds 
a certain limit. 

“A General Survey of the Thin Double Lens,” by 
Mr. T. Smith, M.A., F.Inst.P. The shapes of the lenses 
and the types of glass suitable for the construction of an 
objective free from all first order aberrations in a primary 
plane for an infinitely distant object are found on the 
assumption that the system is composed of two separated 
thin lenses, each of which consists of glasses cemented 
together. The analysis indicates that “ old ’’ achromats 
should be used for both component lenses, a conclusion 
not in accordance with modern practice. 

“ New Types of Levelling Instruments Using Reversible 
Bubbles,’ by Mr. T. F. Connolly, M.Sc. The paper 
describes the properties of reversible bubbles which can 
be used both graduated and ungraduated. Making use 
of certain of such properties, it can be shown how a true 
level can be obtained as the mean of two observations 
from a single station in an extremely simple manner. 
The theory is then applied to the design of various types 
of “ self-adjusting ’’ levels. A series of actual levels, 
following the author’s theory and specially made for the 
paper, are illustrated. A specification for an ideal level, 
using the same theory, is given. The application of a 
reversible bubble to the adjustment of a collimator is 
also dealt with. 





SALARIES FoR TEACHERS.—The Board of Education 
has issued, as Appendix III. to the Report of the Stand- 
ing Joint Committee on Salaries for Teachers in Technical 
Schools, Schools of Art, Junior Technical Schools, Even- 
ing Schools and Day Continuation Schools, a list of 

ualifications recognised under clause 6 of the Report. 
Copies are obtainable at H.M. Stationery Office, Imperial 
House, Kingsway, W.C.2, at the price of Id., or 14d. by 


post. 


ANNUAL TABLES OF ConsTANTs.—We are asked to 
state that the publication dealing with ineering and 
metallurgy, by Mr. Descroix, of the Revue de Metallurgie, 
with a preface by Mr. G. K. Burgess, president of the 
American Society for Testing Materials, is available, 
at the price of 5s. 10d. in paper covers, or 7s. bound in 
cardboard covers, to members of the Institute of Metals, 
the Iron and Steel Institute, British Association, Faraday 
Societies and all other British Institutions. This is a 
reprint from Vol. IV. of Annual Tables of Constants, 
and covers all numerical data on engineering and 
metallurgy published in scientific and technical journals 
throughout the world during the years 1913 to 1916 
inclusive. The reprint can be obtained from Mr. C. 
Marie, Secrétaire Général du Comité des Tables Annuelles, 
9 Rue de Bagneux, Paris 6. 
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THE “WREN ” LIGHT AEROPLANE. 


In the brief summary of the results of the trials of 
light aeroplanes recently held at Lympne, which 
appeared on page 502 of our last issue, we mentioned 
the fact that one of the machines which tied for the 
two prizes awarded for the maximum distance flown 
per gallon of petrol was the ‘“‘ Wren ’’ monoplane entered 
by the English Electric Company, Limited, and piloted 
by Flight-Lieutenant W. H. Longton. The machine 
covered 87} miles to the gallon, this figure being 
equalled by the A.N.E.C. monoplane, but a second 
““Wren’’ machine was also among the first three 
having covered 82-5 miles on a gallon of fuel. In view 
of the excellent performance of these two machines the 
drawings and particulars of one of them which we are 
now able to publish by the courtesy of the English 
Electric Company, Limited, Queen’s House, Kingsway, 
W.C. 2, should prove of considerable interest. 

As will be seen from the general arrangement drawings 
reproduced in Figs. 1, 2 and 3, on this page, and from 
the half-tone engravings, Figs. 4 and 6, on pages 527 
and 530, the machine is a cantilever monoplane, and 
the two last-mentioned figures particularly show the 
clean aerodynamic design to which the success of the 
machine is largely due. Another important feature of 
the design is the low weight of the main components, 
particulars of which are given in Fig. 3, although the 
strengths of these parts have proved to be ample for 
the purpose. 

The performance figures, based on an engine output 
of 7 h.p. which is obtained at 2,600 r.p.m., are as 
follow :— 


Full speed _.... 50 m.p.h. 
Landing speed 25 m.p.h. 
Climb ... $y 150 ft. per min. 
Ceiling .... 7,000 ft. 


50 to 70 yards. 


Distance required to get off... 
20 to 25 yards. 


Distance required to pull up.... 


Compared with the performance of a modern aeroplane 
of the usual design the figures given above are by no 
means striking at first sight, but when it is pointed out 
that they are obtained with a power loading of 54-3 Ib. 
per horse power, whereas the corresponding figures for 
commercial and service aeroplanes are about 15 Ib. 
and 12 lb. per horse-power, respectively, it will be seen 
that they are of a distinctly high order. 

The main dimensions of the machine and the areas 
of the wings and control surfaces are given in Figs. 
1, 2 and 3, so that they need not be repeated here. 
The cantilever monoplane design was chosen, not 
only on account of its aerodynamic advantages, but 
also because it is simple to assemble and keep in order 
owing to the absence of rigging and external struts, 
this being an important consideration from the point 
of view of the private owner. The wings, which as 
shown in Fig. 1 have a span of 37 ft. and a dihedral 
angle of 4 deg., are constructed in two parts, the two 
spars of each half being secured by vertical pin joints 
and anchored to the fuselage by ‘‘U”’ bolts. The two 
parts of the wings can be easily detached from each 
other and from the fuselage by slacking off eight wing 
nuts when the U-bolts can be released from the fuselage 
fitting and the wings lifted clear. The total weight of 
the complete wing is only 81 Ib. 

The wing spars are of spruce of box section, with 
solid spruce diaphragms at intervals to take the com- 
pression ribs and with reinforcing blocks at the root 
ends where the two parts of the wings are joined by steel 
plates. The internal bracing of the wings has been 
specially designed to give adequate torsional stiffness, 
and comprises two sets of 16-gauge high-tensile steel 
wires secured to steel wiring plates which wrap over 
the spars. The plain ribs are of spruce with three-ply 
corner gussets, whilst those which act as compression 
members have three-ply webs with spruce stiffeners ; 
both types are illustrated in Fig. 8, on page 530, which 
shows the complete ribs, as well as those in way of the 
ailerons. A channelled spruce leading edge connects 
the rib noses, while the forward portion of the wing is 
further strengthened by plywood extending to the 
front spar. This construction should ensure a true 
wing form entry for an extended period of service. 
The wing tips are formed of aluminium tubes and are 
protected from contact with the ground by ash skids 
mounted in metal sockets attached to the spars; these 
skids are visible in Figs: 4 and 6. The ailerons have a 
main spar of box section and a solid rear spar, while 
the aileron ribs are of similar construction to those in 
the wings. The hinges and levers of the ailerons are 
of the same design as those for the elevator and rudder 
which will be referred to later when dealing with those 
components. 

The construction of the fuselage is best shown in 
Fig. 7, on page 530, from which it will be seen that it 
comprises four spruce longerons braced into the form 
of a tapering box girder by spruce struts and high- 
tensile steel wire. The upper and lower longerons are 
connected at the nose by bent elm members which 
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provide additional strength at this point, and it should 
also be mentioned that no metal fittings are employed 
in the construction of the fuselage itself, all the joints 
being made by means of three-ply gussets glued and 
screwed. The cockpit is situated in line with the 
leading edge of the wing which is partly cut away on 
the centre line of the machine for the accommodation 
of the pilot, as indicated in the plan, Fig. 2. The 
landing chassis is situated slightly to the rear of the 
cockpit, the lower longerons being suitably reinforced 
in this position for the purpose. Forward of the chassis 
the fuselage is provided with a covering of three-ply 
which extends to the upper surface where the engine 
is mounted. This three-ply serves to stiffen up the 
nose of the fuselage and also acts as a rubbing surface 
when the machine is landed in rough ground. The 
landing chassis itself is of extremely simple design, 
consisting of a steel tubular axle carrying Duralumin 





bobbins on which is wound the rubber shock-absorber 
cord securing the axle to the longerons. Palmers’ 





gress en & Elevators 17Lbs. Fin & Rudder Ibs. Tail Skid 1L6.----- 





aero-type landing wheels are employed, and as these 
only project below the fuselage for about half their 
diameter, the head resistance is reduced as much as 
possible. 

The tail unit is of simple, straightforward design 
and calls for no particular comment ; its form is shown 
in Figs. 2 and 3, annexed, and in Fig. 4, opposite. 
The constructional materials used are spruce, ash and 
steel tubing, the latter being employed for the trailing 
edges of the rudder and elevator to ensure long service. 
The elevator and rudder hinges are each formed by 
three eyebolts with a hinge pin, and the operating levers 
are of flanged steel plate with wooden fairings; they 
are securely riveted and sweated to the tubular spars 
of the elevator and rudder. The tail plane is attached to 
the fuselage by eyebolts and link pins, while steel clips 
are used for fixing the fin post. An elastically-sprung 
swivelling tail skid is mounted in the usual position, 
as can be distinguished in Fig. 6. The main com- 
ponents are all covered with a special aero fabric treated 
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Fig. 5. Front or THE Macuing AND ENGINE Fatrina, 


with dope having an aluminium finish, and this helps 
to give the machine a pleasing appearance both on 
the ground and in the air. 

An A.B.C. engine of the air-cooled motor-cycle type, 
specially adapted for aircraft work, is used for the power 
unit, the engine having two horizontally-opposed 
cylinders with a total capacity of 398 cub. cm. It 
may here be remarked that the engine speed of 2,600 
r.p.m., at which 7 b.h.p. is developed, is no more than 
is reached by the engine of a touring motor-cycle and is 
much lower than is often attained on the racing track. 
With the improved cooling possible under flying 
conditions, the engine should be more reliable than 
when mounted on a motor-cycle and it should also 
be pointed out that, in horizontal flight in still air, 
the engine can be run at half throttle, so that it is by 
no means overloaded and should run for long periods 
between overhauls. The propeller, which the engine 
drives directly, is 3 ft. 6 in. in diameter, and is built 
up of four laminations of selected Honduras mahogany. 
Ample ground clearance is provided, as will be clear 
from Figs. 1 and 3. 

The engine and its mounting are neatly cowled and 
faired, as is clearly shown in Fig. 5 above. The 
mounting itself comprises eight steel tubes secured at 
one end by bolts passing through the engine crank-case 
and fixed at the other end to metal fittings on the nose 
of the fuselage. The petrol and oil tanks are situated 
immediately behind the engine, the oil being supplied 
to the crank-case through a sight feed by means of a 
pump. The petrol feed is by gravity, and the car- 
burettor is bolted to a muff-box carried by the steel 
induction pipes. Heater pipes are led into the muff 





from the stub exhausts passing behind the cylinders, 
while the outlet pipe is led away below the fuselage 
nose, as also are the drain pipes from the oil-relief 
valve and the petrol drip tray. Two large doors, 
one of which is visible in Fig. 5, are provided in the 
cowling to give easy access to the carburettor and engine 
controls. The instruments provided include a revolu- 
tion counter, air-speed indicator, altimeter and cross 
level, and these are all mounted, as shown in Fig. 5, 
in the back of the fairing of the engine unit in- full view 
of the pilot. 

As previously mentioned, the machine covered a 
distance of 874 miles with 1 gallon of petrol during 
the Lympne trials, but the average figure of 70 miles 
to the gallon given by the makers compares quite 
favourably with that of an ordinary motor-cycle. 
The low running costs thus ensured will certainly appeal 
to prospective private owners, and the use of similar 
machines for training pilots might well effect a con- 
siderable reduction in the cost of training pilots for 
the Air Force as was pointed out recently by Sir Samuel 
Hoare, the Secretary of State for Air. We are informed 
that the ‘‘ Wren ’’ machine is very easy to fly, and that 
after a short period of instruction on the ground a person 
of ordinary intelligence can take off, fly and land it 
successfully. 

In landing, it. is claimed, the shape of the front 
part of the fuselage, together with the design of the 
chassis, effectually prevent the machine from being 
turned over on to its nose. We also understand that 
the first machine of this type delivered to the Air 
Ministry some months ago, has since been flown by 
several different pilots who agree that the control is 
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quite adequate at all speeds. This is a noteworthy 
feature in view of the difficulty experienced in con- 
nection with the control of motorless gliders in the 
trials at Itford last year. 

It is interesting to note that a light two-seater ma- 
chine, with dual control, is now being designed by the 
company on similar lines. As pointed out on page 502 
ante when we dealt with the Lympne trials, a machine 
of this type would be extremely useful for training pilots 
and also for general civil flying. In conclusion, we 
may mention that the main aircraft work of the English 
Electric Company, Limited, is the design and con- 
struction of flying boats of all sizes, and it is by no means 
impossible that the development of the light aeroplane 
may, in the future, lead to increased efficiency in the 
larger and heavier machines by directing attention to 
possible improvements in aerodynamic or structural 
design. 





INDUSTRIAL NOTES. 


THE Ministry of Labour state that employment 
showed little change on the whole, during September. 
Among workpeople insured under the Unemployment 
Insurance Acts, in Great Britain and Northern Ireland, 
the percentage unemployed was 11-4 on September 24, 
compared with 11-5 on August 27 and with 11-3 on 
July 23; at the end of September, 1922, the corre- 
sponding percentage was 12-2. Among members of 
trade unions from which returns were received the 
percentage unemployed was 11-3 at the end of Septem- 
ber, compared with 11-4 at the end of August. The 
total number of workpeople registered at the Employ- 
ment Exchanges as unemployed on October 1, in 
Great Britain and Northern Ireland, was approxi- 
mately 1,285,000, of whom 955,000 were men and 
244,000 were women, the remainder being boys and 
girls. On August 27 the total was 1,266,000, of whom 
943,000 were men and 237,000 were women. Employ- 
ment was good on the whole in the coal-mining industry, 
and in the tin plate and steel sheet trades ; fairly good 
in the coachbuilding, brick-making and carpet trades’; 
and fair in the building, printing, leather industries, 
and in certain sections of the metal trades. In most 
of the other large industries it was slack or bad. As 
compared with the previous month there was some 
improvement in coal-mining and in the pottery trades ; 
but there was a decline in pig-iron manufacture, and 
in some sections of the textile trades and of the wood- 
working trades. 





In the industries for which statistics are compiled by 
the Labour Department, the changes in rates of wages 
reported as having taken effect in September resulted 
in an aggregate increase of nearly 46,000/. in the 
weekly full-time wages of over 560,000 workpeople, 
and in a reduction of over 35,000. in the weekly wages 
of nearly 600,000 workpeople. This is the third 
successive month in which a small net increase in wage 
rates has taken place, after a continuous period of 
falling wages extending from January, 1921, to June, 
1923. Of the total number of workpeople whose rates 
of wages were changed in September, nearly three- 
fourths were employed in the coal-mining industry. 
In Northumberland, Durham and South Wales there 
were increases ranging from 2} per cent. to 3} per 
cent. on current wage rates, and in the Forest of .Dean 
there was an increase of over 11 per cent. on current 
rates. In Scotland, however, there was a reduction 
of over 54 per cent. on current rates, and there was also 
a slight reduction in Yorkshire and the East Midlands. 
In other industries the principal groups of workpeople 
whose wages were increased were those employed in the 
gold, silver, and allied trades at Birmingham, and in the 
textile making-up and packing trades at Manchester. 
The principal reductions in wages, apart from those 
in the coal-mining industry referred to above, affected 
workpeople employed in the gas industry, iron-ore 
miners and blast-furnace workers in Cumberland, 
certain classes of men employed in the Thames ship- 
repairing industry, and workpeople in the road transport 
industry in London. Since the beginning of 1923 the 
changes in rates of wages reported to the Department 
have resulted in a reduction of over 500,000/. in the 
weekly wages of 3,160,000 workpeople, and an increase 
of over 300,000/. in the weekly wages of 1,130,000 
workpeople. In the corresponding period of 1922 
there was a reduction of over 3,900,000/. in the weekly 
wages of nearly 7,500,000 workpeople, and an increase 
of about 11,500/. in the wages of 75,000 workpeople. 





The number of trade disputes involving stoppages of 
work, reported to the department as beginning in 
September, was 29. In addition, 28 disputes which 
began before September were still in progress at the 
beginning of the month. The total number of work- 
people involved in all disputes in September was 
approximately 54,000, as compared with 68,000 in the 
previous month and 15,000 in September, 1922. The 
estimated aggregate duration of all disputes during 
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September was about 1,029,000 working days, as 
compared with 1,200,000 days in August, 1923, and 
142,000 days in September, 1922. The principal 
dispute in progress was that involving members of the 
United Society of Boilermakers and Iron and Steel 
Shipbuilders in federated shipyards, which began on 
April 30 and is still unsettled. 





On October 1 the average level of retail prices of all 
the commodities taken into account in the statistics 
prepared by the Ministry of Labour was approximately 
75 per cent. above that of July, 1914, as compared with 
73 per cent. at September 1. For food alone the 
corresponding percentage on October 1 was 72, com- 
pared with 68 a month earlier. 





The average percentage increase over pre-war 
hourly rates of wages, on September 30, 1923, compared 
with August 4, 1914, in towns with population over 
100,000, is given by the Ministry of Labour as follows : 
Bricklayers, 90 per cent.; masons, 93 per cent. ; 
carpenters and joiners, 93 per cent. ; plumbers, 96 per 
cent.; plasterers, 94 per cent.; painters, 112 per 
cent.; labourers, 114 per cent. Statistics compiled 
by the Mines Department provide means of estimating 
the percentage increases in the average earnings per 
man-shift worked at the coal mines between June, 
1914, and September, 1923, in the principal districts. 
Actual returns are not yet available, but it is estimated 
that when they are made up they will show the figures 
to be approximately as follows: Northumberland, 
84 per cent.; Durham, 77 per cent.; Yorkshire and 
East Midlands, 71 per cent.; Lancashire, North 
Staffordshire and Cheshire, 46 per cent.; South 
Wales, 58 per cent.; Scotland, 74 per cent.; other 
districts, 55 per cent.; Great Britain, 66 per cent. 
The general advance over pre-war rates for men on 
time rates in the engineering trade now amounts to 
178. per week; in certain districts where the men are 
paid at hourly rates it amounts to 17s. 104d. In 
shipbuilding the general advance on time rates ranges 
from 7s. to 7s. 103d. a week for skilled men, and 15s. 
or 16s. a week for the lower-paid labourers. For piece- 
workers the general advance in the engineering trade 
amounts to 10 per cent. on basis piece rates, plus a 
flat rate advance of 10s. per week. In shipbuilding 
the general advance is 10 per cent. on basis piece rates, 
and in addition a portion of certain special advances 
granted under the ‘‘ Standard Ship Cycle’ of awards 
and consequential extensions is still. paid to some 
classes of men. Iu the heavy iron and steel trades 
wages fluctuate with the selling price of the finished 
products and vary from over 100 per cent. on the pre- 
war level to a net increase of only about 23 per cent. 
Other general increases over pre-war rates are 17s. a 
week in the sheet metal working trade, 17s. 6d. a week 
in the nut and bolt industry in the Midlands, 17s. 6d. 
a week for unskilled and semi-skilled men in the 
spring, tube and various other industries in the 
Midlands, and 18s. 6d. a week in the light casting 
industries. 





The metallurgical industries of the United States, 
exclusive of iron blast furnaces, employed 44,000 men 
during 1922, an increase of nearly 18 per cent. over 
1921, according to statistics gathered by the Depart- 
ment of the Interior through the Bureau of Mines. 
The volume of work at mills in 1922 showed an increase 
of 37 per cent. over the previous year; the increase at 
smelters was 9 per cent. ; while an increase of 69 per 
cent. was shown for construction work, shops and yards 
connected with the mills and smelters. Accidents 
reported to the Bureau of Mines during the year resulted 
in the death of 45 men and in injury to 6,678 men. 
The fatality rate baw 1,000 men employed was 0-98, 
based upon a standard of 300 workdays per man, and 
the injury rate was 145-15. The total amount of work 
done by all employees was equivalent to 13,802,318 
man-days, which represents an increase of 30 per cent. 
over the previous year. The average number of work- 
days per man in 1922 was 314, an increase of more than 
10 per cent. At mills the number of men employed 
was 11,676; each man averaged 284 days of work, 
a total of 3,315,471 shifts being worked by all employees 
combined. Twelve fatal: accidents during the year 
indicated a rate of 1-09 per 1,000 employees ; non-fatak 
injuries numbered 1,984 and represented a rate of 
179-51. Men employed as smelters numbered 19,495 ; 
they worked 6,266,159 shifts during the year, an average 
of 321 days per man. Sixteen employees were killed 
by accidents, indicating a rate of 0-77. The non-fatal 
accidents numbered 3,002, indicating a rate of 143-71. 
The auxiliary plants of the mills and smelters employed 
12,829 men. Each man averaged 329 days of work, 
the total shifts worked by all employees being 4,220,688. 
Accidents resulted in 17 deaths and 1,692 injuries, 
indicating a fatality rate of 1-21 and an injury rate of 
120-26. In the Bureau of Mines classification a non- 
fatal injury signifies an accident that disables an 


A meeting of the Executive Committee of the 
Miners’ Federation was held last week, Mr. Stephen 
Walsh acting as chairman in the absence through illness 
of Mr. Herbert Smith. It was stated at the close that 
concrete proposals were to be put before the owners 
concerning the readjustment of the ratio of profits and 
wages, and the increase of the minimum rate. The full 
statement of the men’s claims would be first cireulated 
to the members of the executive for their formal 
approval and then forwarded to the owners in various 
districts for their acceptance or rejection at a later 
joint conference. Hitherto, it was added, the men’s 
demands to the owners had been of a_ general 
character only. 


The dispute between the railway companies and 
the various unions to which the railway shopmen are 
affiliated remains unsettled. The question at issue 
is the proposal by the companies to reduce the war 
bonus of 168. 6d. to 10s. per week, so as to bring it to a 
level with that now paid in other engineering shops. 
The matter was put by the railway companies before 
the Ministry of Labour; the latter has now informed 
the companies that it has been unable to induce the 
trade unions to accept mediation or arbitration. 





It is reported that an agreement has been made 
between the Associated Society of Locomotive Engineers 
and Firemen, and the Amalgamated Engineering 
Union, according to which each will assist the other, 
or both will act jointly in offensive or defensive action 
when necessary, as follows :— 

‘**(1) Matters of a national character, or vitally 
affecting a principle, may be submitted to the Joint 
Executive Committee. Co-operation not to be called 
for or expected until the matter in dispute has received 
the endorsement of the National Executive Committee 
of the organisation concerned. 

“*(2) Joint action to be taken when both National 
Executive Committees have agreed to such a course 
at a meeting specially convened. 

‘“*(3) Complete autonomy to be reserved to enable 
either organisation to take action on its own behalf. 
““(4) No obligation to take joint action rests upon 
either organisation unless the above conditions have 
been complied with. 

** (5) The National Executive Committee of either 
union may call for a meeting of the Joint Executive 
Sommittees on any matter which they think necessary 
so to deal with.” 





The British Engineers’ Association have addressed 
a memorandum to the President of the Board of Trade 
saying that they fully agree with, and will actively 
support, well-directed efforts to achieve the objects 
referred to in the agenda of the Imperial Economic 
Conference. These objects are: Fuller development 
of the natural resources of the Dominions and Colonies. 
Promotion and encouragement of inter-Imperial 
commerce. Improvement and cheapening of shipping 
communications. Improvement, development and 
cheapening of inter-Imperial communication by post, 
telegraph and wireless. Co-ordination of Imperial 
action for improving technical research. Unification 
of law and practice in the Empire on matters affecting 
trade development, embracing the important question 
of Empire patents. Organisation and development of 
overseas settlements and migration. 





The delegate conference of the United Society of 
Boilermakers and Iron and Steel Shipbuilders, referred 
to in our last issue, was held in York last Tuesday. 
The proceedings, it is reported, resolved themselves into 
a statement by the secretary of the history of the 
boilermakers’ difficulty, an account of the various 
means taken to arrive at a settlement, and their failure. 
The conference was adjourned to the following day, 
last Wednesday, when, after discussion, it was decided 
to submit to the Mediation Committee of the Trades 
Union Congress proposals for a settlement of the 
dispute. The nature of the proposals was not made 
known. 








Tue Instirurion or Crivin ENGiInrters: AWARDS 
ror Papers.—The Council of the Institution of Civil 
Engineers have made the following awards in respect of 
selected engineering papers published without discussion 
during the session 1922-1923 :—A Watt medal to Mr. T. 
E. Houghton, M.Eng., Assoc.M.Inst.C.E. (Liverpool), 
and Telford Premiums to Mr. J. W. Meares, C.I.E., 
M.Inst.C.E. (Guildford) ; Mr. J. W. Spiller, M.Inst.C.E. 
(Maidenhead); and Messrs. G. 8. Coleman, D.Sc., Assoc. 
M.Inst.C.E. (Manchester), and Dempster Smith, M.B.E., 
M.Sc., Tech. (Manchester), and in respect of papers read 
before meetings of students of the Institution in London 
and the provinces during the same period :—Miller prizes 
to Mr. E. Everatt, Stud.Inst.C.E., (Newcastle) ; 
Mr. J. G. Kimber, Stud.Inst.C.E. (London); Mr. A. H. 
Naylor, M.Sc., Stud.Inst.C.E. (London); Mr. E. Sykes 
(Birmingham), and Mr. F. J. Symonds, Stud.Inst.C.E. 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—Prices of raw and semi-finished 
materials in every department have been adjusted to 
meet changed market conditions. On the whole, buyers 
are in a much more favourable position to cover their 
requirements than for many months past. So -far as 
common steel is concerned the movement towards lower 
selling rates by the reduction of manufacturing costs 
steadily continues, hard basic billets having been marked 
down a further 5s. per ton, and soft basic billets 10s. 
per ton as compared with a month ago. Both classes of 
South Yorkshire billets are now cheaper than at any 
period during the past six months. Current reductions 
in hematites and pig-iron are less marked, though on 
the average these materials are half-a-crown easier than 
in September. Steelmakers are coming forward rather 
more freely with contract commitments, though these 
are mostly for tonnages which pre-war would have been 
considered small. Revised official quotations are as 
follow :—Hard basic steel billets, 107. 5s. per ton; soft 
basic steel billets, 87. 5s.; West Coast hematites, 5/. 
12s, 6d.; East Coast hematites, 5/.; Lincolnshire No. 3 
foundry iron, 4l. 10s. to 41. 12s. 6d. ; Lincolnshire forge, 
41. 7s. 6d. to 41. 10s. ; Derbyshire No. 3 foundry, 4l. 10s. 
to 41. 12s. 6d. ; Derbyshire forge, 41. 7s. 6d. to 41. 10s. ; 
bars, 121. ; sheets, 141. ; in each case delivered at works. 
The position in the manufacturing branches shows a 
slight improvement on the week. This is directly 
traceable to the announcement of pr rT ag advent 
of large railway orders. Sheffield denily anticipates 
to receive the lion’s share of this work in the provision 
of railway axles, wheels, tyres and stores, hope is 
now expressed that steadily-expanding employment will 
be found for comparatively new ents, which 
have done little or nothing for the past 12 months. 
Bridge-building schemes will not affect this district, 
except so far as concerns the provision of the necessary 
tools and a certain portion of the structural material 
required. Opinion as regards the release of German 
stocks of steel in the Ruhr is by no means uniform, 
though it is generally agreed that, if this material were 
to find a local market, plant specially erected during 
recent years for the supply of common steels would 
suffer severely. The condition of order books at local 
rolling mills reflects the keen competition which is being 
waged for new business. Buyers are in the 
practice, common to periods of depression, of securing 
as many quotations as possible and ‘then bargaining 
with the lowest competitors for still further reductions. 
The most meientinnes improvement in the lighter trades 
is in file manufacture, though business is still well below 
the normal and is insufficient to maintain continuous 
operations at extended factories. 


South Yorkshire Coal Trade.—The recent advance in 
house coal prices seems to have spurred the London 


demand rather than to have imposed a p check, 
as might have been expected. Pits producing this class 
of fuel are disposing of an increased output. Merchants 


have ample supplies to meet all demands. Business in 
best steam is steadily maintained at a fair level. 
Other industrial buyers besides railway companies are 
taking increased deliveries. The absorption of stocks 
of slacks at the collieries has given a firmer tone to prices. 
Cobbles and nuts are a steady market at unchanged 
rates. Quotations: Best handpicked branch, 31s. 6d. 
to 32s. 6d.; Barnsley best Silkstone, 27s. 6d. to 29s. ; 
Derbyshire best brights, 27s. to 29s.; Derbyshire best 
house coal, 23s. to 248. ; Derbyshire best nuts, 21s. 
to 22s. 6d.; Der ire best small nuts, 15s. to 16s. ; 
Yorkshire hards, 21s. to 23s.; Derbyshire hards, 20s. 
to 22s.; Rough slacks, 11s. 6d. to 13s. 6d. ; nutty slacks, 
10s. to 12s. ; smalls, 7s. to 9s. 





American Non-Ferrous Meratturay.—Dr. W. 
Rosenhain, F.R.S., is to lecture before the Institute 
of Metals (London Loca’ Section) on ‘‘ Some Impressions 
of American Non-Ferrous Metallurgy” on Thursday, 
November 8, at the Royal School of Mines, South 
Kensington. Invitations to the lecture may be obtained 
by sending a stamped and addressed envelope to the 
Hon. Secretary of the Local Section, Miss K. E. Bingham, 
M.Se., the National Physical Laboratory, Teddington, 
Middlesex. 


BEQUEST TO THE JUNIOR INstTITUTION OF ENGINEERS. 
—tThis Institution has for many years past been enabled, 
through the generosity of the late Mrs. E. O. Durham 
(wife of Lt.-Col. F. R. Durham, C.B.E., M.C., M.Inst.C.E., 
chairman of the Institution from 1907-1909), to offer 
annually a bursary of 26/. for competition amongst 
members between the ages of 20 and 23 years. It was 
Mrs. Durham’s desire that this encouragement to the 
younger members to persevere in their technical and 
practical studies should be continued after her death, 
and to effect this she bequeathed to the Institution a sum 
sufficient to endow the Bursary in perpetuity. 


Tse InstiTuTE or TRANSPORT.—The ‘annual report of 
the Council for the year 1922-1923 is now issued ; copies 
for distribution to friends of members likely to be 
interested will be supplied free on application to the 
secretary, 15, Savoy-street, Victoria-embankment, W.C.?2. 
It deals with the work of the Institute during the year 
ended September 30, when the members numbered 1,636, 
as compared with 1,318 at the corresponding date last 
year, a gain which affords an illustration of the activities 
and usefulness of this comparatively new bedy. This 
year’s congress was held at Sheffield ; we gave @ report 
of this at the time. It is proposed to hold the congress 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—An upward movement in 
Cleveland pig-iron prices was not unexpected, but this 
week’s advances exceed what was generally looked for. 
The rise, however, does not appear to have driven buyers 
off the market, Certainly, some customers are hesitating 
to pay ‘the higher rates asked, but there is still a good 
inquiry, and ucers express the opinion that they will 
be able to sll their en 8 oes ae eae Recent 
extensive sales have stocks to small proportions. 
No. 1 thas risen to 107s. 6d.; No. 3 has become 100s. ; 
foundry -4 is now put at 99s. ; 
97s.—all f.0.t. makers’ works, and f.0.b. 


Hematite.—Demand for East Coast hematite continues | may 


resumapglls diaiae ae soune en teen 
SF ET 


i 
ores are comparatively 
fata ‘edieranenn able freight good. 





"Blast fara Coke.—The concession price of Durham 
blast-furnace coke to local consumers is 40s. delivered, 
though a substantially higher figure is obtainable for 
export. 


Manufactured Iron and Steel_—Much better inquiries 
are cireul ‘for manufactured iron and steel, and a 
good few contracts have been arranged. Prices are 
firmer, but mot quotably advanced. Common iron bars 
are 127.; iron rivets, 141. ; packing (parallel), 8/. 10s. ; 
packing (tapered), 111. 10s. ; steel billets (soft), 97. ; steel 
billets (medium), 10/.; steel billets (hard), 10/. 5s. ; 
boiler plates, 131. ; steel ship, bridge, and tank plates, 
91. 158.3 steel angles, 97. 5s.; steel joists and heavy 
sections of steel rails, 92. 10s. ; fish plates, 12/. 10s. ; 
berg sheets, 14/. 5s. ; and galvanised corrugated sheets, 
192. 5s. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Contracts for the delivery of both 
steam and -anthracite Welsh :coal ‘have been 
during ‘the past week. Orders have been placed for 
75,000 tons, 60,000 tons and 40,000 tons respectively 
of best Admiralty large coal at.2%s. 6d. f.o.b., for 50,000 
tons at .28s., and for about 250,000 tons of second 
Admiralty large at 26s. and 26s. 6d. Monmouthshire 
large ‘coal has also been sold for shipment over next 
year at 27s. The United States has also placed orders 
for nearly 150,000 tons of Welsh anthracite coal for 
delivery between -now~and--the end of June next. 
Meanwhile negotiations are proceeding for further large 
quantities and sellers are stated to have increased their 
prices by about 6d.perton. It may be of interest to men- 
tion that the above prices are about 6d. per ton above the 
fivures .at which o was 8 a year 
ago for during ‘the current 
though there has been no in the 
position of the coal market the outlook is.considered more 
encouraging and the 
expectations ‘that France 


and at present there appears little hope .of deliveries in 
anythi ~ means substantial re some time to 
come, is has caused both ‘French and Italian -con- 


sumners again to come on for British coals, and it has also 
created.a more optimistic feeling am it sellers with the 
result that they are now only d to 


are opening credits, in London, to purchase British coal 
has also caused salesmen to .act cautiously, for with a 
good proportion of neon already sold on contract 
account it would not cae uch expansion in the demand 
to bring about .a in the market. For 
prompt shipment ‘best Rdaneates Jarge coals ruled round 
28¢., with the Monmouihshires 24s. 6d. to 27s. 
and. ‘dry large from 26s. to 288. Smalls, too, are steadier 
in’ view -of outputs having been reduced by colliery 
stoppages. Best bunker sorts are steady at 18s. to 19s., 
but inferior grades range from 128. up. 


Ship p Repairing * Contracts.—A couple of fairly sub- 
stantial ng contracts er jue ‘been secured 
ny the Mouutamaart. ak “Docks and Shearmans, Limited. 

1e work to repair the steamer City of Shanghai, 
which ran ashore off Penarth at = nebiaiiiee af 
ber, has been obtained and. will 
months as the -vessel strained herself ‘b . and besides 
needing a large number of bottom plates will also require 
‘\tensive Tepairs to the engines, which have been taken 
out. "The contract to stranding damage to the 
French steamer Depute Maurice-Bernard “has also been 
Secured by the Mountstuart, who tendered 7,750/. and 
30 w orking days compared with 9,685. and 40 days 
submitted by a Swansea firm. This vessel, which ran 
ashore at Breaksea Point in .the Bristol Channel, will 
require 56 new bottom plates, ‘bésides a new stern frame. 


Tron-and Steel-+Exports of iron ‘and steel goods last 
week amounted to 13,100 tons, compared with 22,000 
tons in ithe previous week. Of last week's shipments 
7,022 tons comprised tin and terne ‘plates, compared 


and No. 4 forge is quoted } of : 
‘Tees. 


year. “Meanwhile 


is certainly better. The 


follow a hand- 
to-mouth policy. Again, the news that German buyers’ 


about four | 





with 8,493 tons; black plates and sheets, 3,968 tons 
against 7,260 tons ; 3. galvanised sheets, 964 tons against 
2,796 tons; and other iron and steel goods, 1;155 tons 
against 3,463 tons. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Scottish Steel Trade.—There has been little or no a 
in the state of the steel trade of Scotland during the 


week, and conditions at present are similar to 
which have ailed for some time. '"There isan absence 
oo ae a chip plates snd sections, and the future 


os DE asclae +6 notes 0 ae Important meetings 

ving gr. Seen gnc Sus Page mg 
about six months ago that few are 

week’s efforts. However, the . 


soon because of the hardship it hes occasioned to 
oa eee ne, ae ee , who are in- 
in the shiigyncti. elie pt reerpe sae aa 
a moderate amount .of business, and while black sheet 
makers are being fairly well em on 


tes, 137. per ton:; ship plates, 10/. per ton ; 
ie per ton ; and sheets, 127. 10s. per ton, all delivered 
Glasgow stations. Inquiries are a shade better again, 
and if anything a more hopeful feeling is coming into 
evidence. 


Malleable Iron Trade.—The West of Scotland bar.iron. 
makers report no improvement in trade, and conditions 
are of a day-to-day character. Not only is the current 
demand v B ove but inquiries are also very limited. 
In the re-rofle steel branch a better tone prevails. The 
current price of “Crown ” bars is 12. per ton, delivered 
Glasgow stations. 


Scottish Pig-Iron Trade.—In the Scottish :pig-iron 
trade quiet conditions continue, and few managements 
ean see any distance ahead. iries are reported to 
be again better both on home export account, and 
forward bookings show signe of improvement. Hematite 
is very slow because of the quietness in the steel ti 
and foundry iron is not moving at all well main} 
account of the 1 depression all round. Prices mi 
thathenad mip 0 Uttle this his week and there is not the same 
inclination to shade. To-day’s quotations are :— 
Hematite, 51. 5s. ton, delivered at the steel works; 
foundry iron, No. , 61. 68. per ton, and No. 3, 51. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, October 20, amounted to 1,795 tons. Of that 
total 1, 95 tons went overseas and 100 tons coastwise. 
For the corresponding week of last year the figures were 
7,771 tons foreign and 73 tons coastwise, making a total 
of 7,844 tons. 





R38 Memortat PRIZE. tag income derived from 
the R38 Memorial Dales Sed. the Council of the Royal 


ee Suicy sre fring a pine of 25 guineas 
for the best amp ceed Society Ferenc: oat 
a. rare tay Perret 


being equal, preference will be given to 
The prize is open to interna- 
intending competitors should 
send their names, together with sufficient information 
in regard to the of — ee. enable the 
necessary arrangements to for ti examina- 
tion, nen ak We Redity 600 Albemarle- 
street, London, W.1, on or before December 31 of this 
year. The latest date for the be cocsigs of the oonttinte 
papers is March 31, 1924. Further particulars can 
obtained from the secretary. 





CaNaDIaN Coxn-OvEN Prants.—We read in The 
Canadian 


Officials -and ‘the - have all taken a deep interest in 
the idea of by- coins eoke-oven plants and are awaiting 
the final report of the Fuel Board. The Board, in con- 
junction with the Mines Branch, is making an investiga- 
tion of the coking qualities of the Nova Scotia and New 
Brunswick eoals, end is arranging for commercial tests 
on a large scale, in addition to the laboratory investi- 
gation. There is little doubt that it will be shown that 
certain ‘Canadian coals can be used to advantage in the 
manufacture of domestic coke and so reduce importations 
from the United States. 
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NOTICES OF MEETINGS. 


THE Nrwcomen Society.—Friday, October 26, at 
5.30 p.m., in Prince Henry’s Room, 17, Fleet-street, 
E.C. 4. Presidential Address by Mr. L. St. L. Pendred, 

n ‘ The Value of the History of Technology.” 


THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Friday, October 26, at 6. 30 -m., at the Engineers’ Club, 
Coventry-street, W. 1. hree-Ply and its Uses in 
Aireraft Construction,” by Captain R. N. Liptrot, B.A. 

Tue Institute or British, FounpRYMEN: Lanca- 
SHIRE Brancu.—Saturday, October 27, at 7 at the 
Wigan and District Mining and Technical College, eae oe 

“The Manufacture and 


| Cast-Iron,” by Mr..8.:G. Smith. 


“peace ” in the near future, but there have’ 
- heen #9 many unsuccessful attempts to'end the trouble 
jw 

to hesy that success will be the outeome of this’ 


INstITuTION .oF ENGINEERS AND SHIPBUILDERS IN 
Scortanp.—Tuesday, October 30, at 7.30 :pam., in the 


| Rankine Hall, at 39, Elmbank-creseent, Glasgow, when 


@ paper, entitled “‘ Losses in the Component Parts.of a 
a a Pump,” by Dr. W. Blackadder. 
i » and a Ey entitled “‘ Auxiliary 

ls,” by Mr. Robert 


THE ome oF. Propuction “ENGINERRS.— 


j ‘Wednesday, October 31, at 7.30 p.m., at the Engineers’ 


Club, Coventry-street, W.’'1. Paper by Mr. Arthur 
Easthorpe, ‘‘ Idle Capital in the Machine Shop.” 

Tse insrrrurtion or. Exngcrrican ENGINEERS.— 
| Thursday, November 1, at 6 p.m., in the Lecture Theatre 
of the Institution, Savoy- place, Vietoria Embankment, 
W.C. 2. ‘Industrial Research with Special Reference 
to Electrical Engineering Development,” by Mr. W. 
Wilson. 


THe Junior INnstiITUuTION oF ENGINEERS.—Friday, 
November 2, at 39, Victoria-street, at 7.30 p.m. ‘Leetur- 
ette: “‘ Hydraulic Propulsion,” by D. V. Hotchkiss. 


Tue Institution oF MEcHANiCAL ENGINEERS.— 
Friday, November 2, at 6 p.m., Thomas Hawksley 
Lecture, “‘The Mechanical Problems of the Safety of 
Life at Sea,”’ by Sir Westcott 8. Abell, K.B.E., M.Eng. 


Tue Institute oF TRANSPORT. —Monday, Novem- 
ber 5, at 5.30 p.m., the Fourth Annual General Meeting 
of the Institute will be held in the Lecture Theatre of the 
Institution of Electrical Engineers, Victoria Embank- 
ment, London. At the conclusion of the meeting a paper 
will be read by Mr. T. Salkield (Member) on “‘ A Trans- 
port adventure in Persia.” 








TRADE witH Rvussta.—A’ new monthly publication, 
the British Russian Gazette and Trade Outlook, the object 
of which is to advocate and facilitate business connec- 
tions with Russia, is now being issued. The journal is 
conducted by Mr. Stafford C. Talbot, at Lincoln House, 
296-302, High Holborn, W.C.1. 

New ZEaLAND HyDRoELEctTRIC ScHEME.—H.M. Trade 
Commissioner at Wellington states that a report has 
been submitted to the Christchurch City Council in con- 
nection with a proposal to carry out a scheme of -hydro- 
electric development on the Waimakariri River ai 
Otarama Gorge. The scheme provides for the supply 





‘| of ‘electrical energy in Canterbury to take the ome e of 


the power at present obtained from Lake Coleridge ; 
the estimated cost approaches 1,000,000, The pro- 
posals have to be submitted to the Public Works Depart- 
‘ment for concurrence before the scheme can be put into 
ration, and, in consequence, the Christchurch City 
have drawn up a, Bill styled ““ The Waimakariri 
Empowering Bill,” which was considered at a recent 
special meeting of the council, when a resolution was 
passed urging the Government to expedite the passage 
of the Bill through Parliament. 





Exrensions to DunpaLkK Exeorriciry Station.— 
The municipal power station at Dundalk was ‘started 
in June, 1912, with a main ipment of two 
100-kw. Mirrlees-Siemens units, the engines being of 
the Diesel type and the generators producing eurrent 
on the three-wire continuous-current system, with 
220 volts across the outers. In December of the same 

year an additional set of the same size and + was 
ele and by the end of 1916 a pair of Mirrlees- 

ral Electric sets of 220-kw. each had been added, 
-| bringing up the total plant capacity to 740 kw. During 
recent winters the maximum load has exceeded the 
tating of the machines, the battery being relied on to 
meet the peak demands. The equipment of the station 


coal, | has now been increased by a six-cylinder Vickers-Pettor 


hot-bulb engine of 510 b.h.p., direct-coupled to:a 340-kw. 
o of Metropolitan- Vickers manufacture. “This 


| set, which was formally put into commission on Septem- 


ber 27, brings the plant installed up to a rated capacity 
of 1,080 kw., and makes it one of the largest oil-engine 
stations in the United Kingdom. The output for the 
year ending March 31 last was 1,081,495 kw.-hours, 
vith a load factor of 16-18 per cent. Both output and 
‘toad factor were somewhat less than for the year before, 
which period the output per head of population 
was 92-6 for Dundalk, as against EIB 2 for Londonderry, 
42-7 for Belfast, 32-9 for Dublin and 21-7 for Rathmines. 
Dundalk easily heads the list of Irish cities in respect of 
electricity consumption per head, its position in this 
respect being no doubt assisted by a contract to supply 
the whole of the current for the loca locomotive dope 
of ‘the Great Northern Railway. The recent extensions, 
and also the 1915 extensions, were carried out to the plans 
and specifications of Mr. Perey A. Spalding, the engimeer 
and manager of ‘the undertaking, who also supervised 
all details of the erection of the plant. 
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CONSTRUCTED BY THE ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, PRESTON. 
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(For Description, see Page 526.) 
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THe CoMPLETED MACHINE IN THE SHOPS. , 















































Protection By BARRICADES IN UNDERGROUND 
WorkINGs.—Miners trapped in underground excavations 
during mine fires or after explosions may frequently save 
themselves from the peril of deadly gases by the erection 
of barricades of cloth, board, coal or rock, states the 
Department of the Interior, Washington, through the 


Fic. 8. Derrarts or Wing .Rrss. 


Bureau of Mines, which has completed a study of, the 
subject. The Bureau has a record of the saving of 275 
lives in coal mines through the erection of barricades and 
is confident that hundreds of other) lives. might: have 
been saved if entombed miners had possessed: a thorough 
knowledge of barricade construction. The evidence 


collected shows that™at 140 disasters 1,477 persons were 
killed outright and 1,391 were overcome by afterdamp. 
Detailed.information regarding the erection of barricades 
during mine fires or after explosions is given in a miners 
eircular,-which may ‘be obtained from the Department 
of the Interior, Bureau of Mines, Washington, D.C. 
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THE BLACKBURN EAST POWER STATION. 
P. P. WHEELWRIGHT, ENGINEER; THE ENGLISH ELECTRIC COMPANY, LIMITED, CONTRACTORS. 


(For Description, see Page 515.) 
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Fie. 1. Power STATION AND 20-TON CoALING CRANE: VIEW FROM CANAL BANK. 

















Fie. 2. Power Station FROM ENGINE-Room SIDE. 





(To face page 516.) 
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EQUIPMENT OF THE BLACKBURN EAST POWER STATION. 


MR. P. P. WHEELWRIGHT, ENGINEER; THE ENGLISH ELECTRIC COMPANY, LIMITED, CONTRACTORS. 


(For Description, see Page 515.) 





























Fie. 3. 10,000-kw. TuRBO-GENERATOR. 
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Fie. 4. 10,000-kw. TuRBO-GENERATOR SEEN FROM STEAM END. 
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EQUIPMENT OF THE BLACKBURN EAST POWER STATION. 
MR. P. P. WHEELWRIGHT, ENGINEER; THE ENGLISH ELECTRIC COMPANY, LIMITED, CONTRACTORS. 


(For Description, see Page 515.) 
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Fic. 6. SwitcHGEAR OPERATING Room. 





‘SHIUVITIXAY INVIG ONISNHGNOQ ‘g ‘DIT 


517.) 


(To face page 9 














ENGINEERING, OctToBER 26, 1923, 

















(‘e[¢ abng aas ‘uoydisosagq 40g) 


‘SHOLOVULNOD ‘GALINIT ‘ANVdKOO OIMLOUTA HSITONA AHL *YAANIONA “‘LHOIUMTAAHM ‘d ‘d “UW 


‘NOILVLS UAMOd LSVA NANANOVIA AHL AO LNAWdINOA 


PLATE XXIX. 





26, 1923. 


CONDENSING PLANT AUXILIARIES. 


Fia. 8. 





BasE oF CHIMNEY AND INDUCED Dravucutr FAN. 


Fia. 7. 
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PATENTS AND RESEARCH. 


THE, presidential address that, Sir John Dewrance 
has, delivered to. the Institution | of,., Mechanical 
Engineers is of a type that is very. welcome when 
it is given by the right man. . It deals not with the 
technical development of a branch of industry or 
of some, particular problem, but; with the general 
progress that the speaker has seen in his industry 
during a long period and, with his; impression of 
the direction ,in ;which the industry is. moving. 
Sir John Dewrance.is exceptionally, qualified so to 
address a gathering of engineers. 

Among the, several topics on which Sir John 
Dewrance touched. was the -place of patents and of 
research in engineering economy. In his view the 
function of patents, so far at least as they deal with 
mechanical engineering, is rapidly becoming obsolete, 
and must increasingly be replaced by co-operative 
e|research. Of.,the 16,172 patents sealed in 1907 
only some 4 per cent. were kept. in force in 1922, 
and of these, apart from patents for. ordnance, less 
than 100 related to mechanical engineering. _What- 
ever the, value of the patented result, the mere 
practice of protecting inventions by patents tends 
to: cramp the.designer by confining his choice. to 
such means as can. be patented.:. In general, how- 
ever, the value of the patent is small... If it had not 
been, it is suggested, the number of patents kept 
on foot to the end of their lives would not be.so 
pitiably small,as the above ‘figures indicate; and 
indeed even these ‘figures grossly overstate. the 
value if Sir John Dewrance is correct in his estimate 
that.only one mechanical patent in,10,000,is worth 
exploiting. The protection, moreover, granted to 
even the one, valuable patent may vanish in the 
presence of a prior, description, though it, may have 
led: to nothing. Accordingly it appears that not 

















are prone. when, they become, patentees but also 
by the actual outlay on the patent. fees of abortive 


patentee’s monopoly is purchased at a high price, 
and it is suggested that he as well as his industry 
would be far better off if he took a share in the 
result of co-operative research. 

The purpose of an address on a variety of topics 
is obviously to suggest rather than to demonstrate, 
and no great stress can be laid on the fact that the 
evidence quoted in support of this attack on patents 
is not carried to the’ point/of demonstration. Nor, 
for that matter, does it include all that might have 
been said in criticism of them. . The grant by which 
one man is encouraged to perfect. and introduce an 
invention into the realm restrains every one else 
from. doing so. The ‘progress that! one, works 


5} makes in virtue of its patent may. compel other 


works in the industry to mark time until the patent 
expires. Sir John is without question as familiar 
with these and similar disadvantages of patents as 
he is with the objection that he raised to paper 
anticipations. But when the whole argument. is 
considered, however much it may be amplified and 
developed, other circumstances must be taken into 
account, which must at least modify the conclusion 
to which the address points. 

That individual men and individual works should 
elaborate inventions and secure the temporary 
monopoly of them by patents has advantages that 
as yet cannot be obtained by sharing the fruits of 
co-operative research. The consideration for the 
grant of a patent is expressed to be the introduction 


7 | of a new manufacture into the realm, and industrial 


research associations may doubtless introduce many 
new manufactures, in the sense in which the term. is 
used in patent legislature, and sometimes even do 
so more effectively than private inventors, For the 
present, however, this is not the primary function 
of research associations. They have to deal, with 
problems affecting the entire industry, and with the 
lacune in scientific and technical knowledge: that 
prevent their solution. The investigations by which 
they seek to throw light on these problems and pro- 
vide the knowledge that is lacking may indeed 
include the discovery of practical solutions, ready 
for immediate adoption in the industry. As often, 
however, or perhaps more often, they may stop 
short of such practical applications, and leave them 
to be worked out by individual units of the in- 
dustry, able to attack them with the help of the 
knowledge gained by the co-operative investigations 
with a certainty and a probable effect that would 
have been impossible without them. It may indeed 
be questioned whether it would be sound economy 
to use the complex and costly mechanism of co- 
operative research for work that could be done as 
well by the smaller resources of individuals. 

From the point of view of the industry, there- 
fore, the work of private inventors in making prac- 
tical applications of existing knowledge may relieve 
industrial research associations of work that probably 
they would be no better, and so Jong as these asso- 
ciations are confronted with the long vista of more 
fundamental questions that they can attack: far 
more effectively than private investigators, this 
relief must. be an advantage to the industry... Even 
the circumstance that the inventor is to some 
extent cramped in his design by the desire to pro- 
duce something patentable may have tlie quality 
of its defect. Progress by natural evolution works 
by allowing, or sometimes compelling, each indi- 
vidual to develop along his own line, and letting 
the, mass gradually level up’ towards the foremost 
of the individuals. It may well be, moreover, that 
when it. comes to practical applications, such as 
alone furnish subject-matter for a patent, the field 
may be explored more completely, and the most 
effective direction of progress. discovered more 
certainly, when the number of, directions tried : is 
increased, as it must be if the work is done by 
individuals. who are seeking paths separate from 
each other... The accumulated results of the process 
of trial.and error may again’ have a: value: much 
beyond that. of any individual result,,, Sueh: con- 
siderations seem to show that from the point of 
view of the industry there is some set-off against 
such disadvantages as may arise from the multi- 
plicity, of patents. 

From the, point of, view of the individual the 
prospect, of advantage from a patent, whether it is, 
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for the great industrial problem of civilised life is to 
obtain certainty of employment. When a works 
has perfected an invention and it has been found 
useful to the consumer, those who are concerned in 
the enterprise have attained for the time being a 
higher plane of certainty that their work will be 
required than they can possibly have so long as the 
consumer demands not what is the monopoly of 
the works in question but what can be supplied 
equally well ‘by its competitors. Doubtless this 
satisfaction is tempered by the fear that a rival 
inventor may ‘pass or catch up Jevel with ‘them ; 
and though competent men in a live works will 
not usually lose sleep from that cause, the fear may 
become better grounded when they are faced with 
unfair attempts on the temporary monopoly that 
they ‘have: earned. 

The frustration of genuine patents by setting up 
paper anticipations is a mischief to which we have 
already called attention (see page 51, ante). Sir 
John Dewrance suggests that it should be met 
by abolishing prior description without working 
as @ ground for avoiding a patent. His own 
experience, however, seems to suggest that even 
this’ would not always be a sufficient remedy, 
and in ‘tinkering with a code that has grown ‘up out 
of a succession of statutes felted together by an 
enormous mass of judicial decisions there is always 
the risk ‘of introducing Beelzebub in the process 
of expelling the devil. It may well ‘be that the 
best solution of the difficulty will be found in the 
reasonable use of patent rights, by which a works 
may for a limited consideration’ concede other 
works the liberty of joint-user of the invention, and 
receive similar concessions in respect of other inven- 
tions. This is perhaps ‘unlikely to come about by 
legislation, but an understanding should be possible 
among Tesponsible patentees that patents embody- 
ing genuine industrial progress should be respected 
honourably and used reasonably. 

Co-operative research, indeed, should seldom ‘be 
80 much a substitute for private activity in invention 
as ‘the means of draining, exploring and enlarging 
the field on which the final inventive applications of 
knowledge may be made. Within the problems of 
most industries there are subjects enough for ‘such 
activities, and even larger questions call for a still 
wider co-operation than a single industry can pro- 
vide. The presence or absence of that co-operation 
may indeed make all the difference ‘between futility 
and success. More than once, for*example, atten- 
tion has’ been called in these columns and elsewhere 
to the absence of co-operation by engineers in 
investigations, such ‘as those of the Industrial 
Fatigue Research Board, onthe economy of human 
energy. This is a subject in which the engineer- 
ing trades are interested at the least as much as 
any others. It has, no doubt, its anatomical, 
physiological, psychological and medical aspects, 
and up to now lias been investigated in this country 
mainly by persons qualified in one or other of those 
sciences. But it has no less essentially its industrial 
aspect, conditioned by technical circumstances that 
have no relation to these sciences, and by industrial 
circumstanc¢es, fully as complex and as material to 
the result, which as ‘yet no science can describe. 

Such problems cannot be investigated adequately 
without the intimate co-operation of persons not 
only trained in methods of scientific investigation, 
but also familiar at first hand with the tech- 
nology and industrial life of the trade in ‘ques: 
tion. Plans made without the co-operation of 
such men or carried out without their super- 
vision are extremely unlikely to do more than 
rediscover what was known already, and may 
indeed lead to dangerously inaccurate conclusions. 
In the application of such investigation to problems 
of the engineering trades, it must, moreover, be 
remembered that they concern not the use of 
engineering products but the routine processes of 
their manufacture. To be competent to investigate 
them @ man must, in fact, have had the purely 
works experience of a manufacturer and the manual 
experience of a workman engaged in routine manu- 
facture, and must further have a sound knowledge 
of the technology of the trade and a ‘training im 
methods of scientific investigation. No professional 
or scientific distinction in the medical or even the 
engineering sciences, and no familiarity with the 


ENGINEERDNG 








([Ocr: 26; 1923. 





these essential qualities. ..So Jong as such investiga- 
tions continue to’ ‘bé ‘conducted’ without such co- 
operation, they must continue. to.be largely un- 
suecessful and sometimes mischievous, while the 
problems they are seeking to solve remain among 
the most important to the economical well-being 
of the engineering and. other industries concerned, 
as they are to the fitness and prosperity of those, 
whom those industries-employ. . - 
The example of ‘the Industrial Fatigue Research 
Board is doubtless an‘extreme case. “Few bodies will. 
be found so admirably equipped for half their work 
and so destitute of equipment. for the other half. 
What it may be able to.do if and: when, its equip- | 
ment. is completed can hardly. yet. be foretold, for 
at least in. this country no such investigations have 
been made as. it- would then be in a position to 
catry out: It is earnestly to be hoped that it will 
not be left much longer ‘with the present vital 
deficiency in its organisation, But though its case 
is extreme, it serves to illustrate the need for 
adequate co-operation in all kinds of research that 
are intended for more or less direct practical applica-_ 
tion... Whether research so conducted will supersede 
the usefulness of patents may perhaps be doubted. | 
It must, ‘however, ‘increase the material on which 
progress will ‘be made, whether with the help of, 
patentees or not, at an epoch when progress—the 
obtaining of a larger yieid for a given expense of 
energy—is needed more than at any previous 
period of industrial history. 





THE AUSTRALIAN LINER OF THE 
FUTURE. 


WHENEVER a real improvement is effected in the 
design and construction of any type of motive power 
plant the sphere of economic ‘service it serves is 
extended. The magnitude of the effect is, of course 
dependant on the significance of the change. Such 
actions’ were observed during the development of 
the steam turbihe and its associated gearing, “and 
must be anticipated in connection with oil engines. 
The designers are engaged in producing changes in 
construction to make possible an increase in the 
horse-power that can be obtained from each cylinder, 
and at the same time are introducing alterations in’ 
details to ensure continuous and reliable working 
under the most exacting conditions. While work of 
this characteris going on, it is’possible to estimate 
what might be achieved’/at any stage in the develop- 
ment in the application of the Diesel engine'to obtain 
greater efficiency in unaccustomed ‘services. One: 
question of great importance, with which the subject 
of improvements in ‘the oil engine is intimately 
associated, is that of accelerated passenger services 
over long distances. ‘The establishment of faster 
ocean travel and. more frequent sailings will ‘serve ‘in 
the improvement of rélationships between the people 
of distant lands, will ‘make increased trading rela-. 
tionships a possibility and will thus give extended | 
scope to overseas trade on which, as individuals and 
as a nation, we are so greatly dependent. Any- 
thing which contributes in any way, direct or 
indirect, to the more complete resumption of our 
industrial and commercial activity is to ‘be welcomed 
and should be given every consideration. In these 
endeavours the acceleration of sea transport must 
be regarded as an all-important factor. 

Sir John Harvard Biles has recently examined 
the possibilities of establishing a service of faster 
vessels and a more frequent service ‘between this 
country and Australia, and ‘has prepared a statement 
on the scheme which he has kindly supplied to us. 
In taking a speed of 20 knots as the standard, 
Sir John was guided ‘by two important points, 
the first relating to ship-propelling machinery and | 
the second to the speed suitable for the characteristics | 
of the route. As far as the ship mavhitiery question | 
is’ concerned,’ the ‘use of ‘high-powered ‘internal- | 
combustion engines of the Diesel type is advocated | 
not so much on the plea that ‘there will be a 
saving in’ the weight-of machinery ‘but ‘a reduction 
inthe weight of fuel to ‘be carried. ‘Having 
made that’ decision, another question confronted 
the investigator: the possibility of obtaining the 
power for the propulsion of the vessel in ‘engines 
with a reasonable number of cylinders: “Sir John 





works products, will make up for the absence of 





double-acting four-strake ines, which. have six 
cylinders, from each of which 1/125’h.p..is expected, 
the step to engines of the same cylinder dimensions 
hut with eight cylinders does not.involve any serious 
difficulty. Thus 9,000 h.p. can be obtained for 
each shaft, and with three propellers a total ‘of 
27,000 h.p. could be obtained. ‘That power is quite 
adequate to give,a speed of 20. knots, with the type 
of vessel inscontemplation,:and «provides a margin 
but not sufficient to increase the speed: to'22: knots. 
Yt will be remembered that ‘in the Report of the 
Imperial Shipping Committee (paragraphs 24 and 
26) 4t' was stated that any speed between 20 knots 
and.22 knots would not be suitable for,the Suez 
Canal-Colombo route to Australia. 

Having arrived atdecisions regarding the technical 
practicability <of his scheme, ‘Sir John Biles then 
discussed service. As it appeared desirable to make 
the round voyage in a complete ‘number of weeks 
he took the cases of eight, nine or ten weeks, A 
20-knot ship’ would be capable of making round 
trips. between London and. Fremantle in 55 days. 
Were the voyage extended to Melbourne 62 days 
would be necessary, while the inclusion of Sydney 
would increase the time to,65.days.. Ifthe distances 
between London and Toulon and from Fremantle to 
Sydney were run at 16 knots the time would be 
increased..to 69 days. A,.20-knot) ;weekly. service 
would involve the running of eight, nine or ten ships 
according to whether the Australian terminal port 
is Fremantle, Melbourne ‘or Sydney. Although a 
weekly service is what ‘should be’ the ultimate aim 
in view, a beginning could be made with a fort- 
nightly service. Anything with greater periods 
between the sailings must be ruled ‘out of court, 
as an improvement in the mail service was a most 
important factor. For this fortnightly service 
four or five ships would be required, depending on 
the decision of whether Fremantle or Sydney was 
to be the terminal port. As overhauls were necessary 
an additional vessel must be added if the regular 
service was'to:be maintained, and perhaps another at 
the other terminal as a provision against possible 
accidents. The problem Sir John ‘set himself, 
was thus narrowed down to an investigation of the 
cost of establishing a fortnightly service to Sydney 
in which the speed between Toulon and Fremantle 
is 20 knots and generally about 16 knots on the other 
portions of the voyage. The service in eontempla- 
tion ‘would be maintained with ships of ‘about 
700 ‘ft. length and drawing 30 ft. of water when 
fully loaded. Each would ‘provide accommodation 
for about 400 cabin passengers, 2,000 steerage 
passengers and about 1,000 tons weight of cargo. 
The solution of this problem presented most unusual 
features, as the starting condition, was the, power 
and the amount of cargo was postulated to sult 
an early start on the return journey, and was not 
necessarily the value that could be.most econo- 
mically handled. The carrying of passengers and 
not cargo was the “consideration involved in the 
determination of the dimensions of the proposed 
ships. .)! 

The published information for a typical ship 
at present in the service was used in the estimation 
of the various items of expenditure. In this it was 
assumed that the existing ship would carry on an 
average five-eighths of her complement of passengets 
and two-thirds of her load of cargo. The freight rate 
determined from the calculations relating to the 
existing ship was increased for the new vessel by 
75 per cent. to make allowance for the fact that the 
proposed ship would only carry the highest grade of 
cargo at an increased speed. In the suggested vessel 
it was assumed that/three-fourths of its complement 
of passengers would be carried at average rates of 
1002. and 221. 10s. for cabin and steerage respectively, 
arid nine-tetiths of its load ‘of cargo, on the ground 
that there would be no difficulty in handling the small 
total amount. of cargo even should the stay 1n port 
be short,’ Ifthe net profit ‘were restricted ‘te 
7 per cent. of the capital cost, it was estimated that 
each of the five ships would need ‘to be subsidised to 
the extent of 75,000. per annum. If the spat 
vessel were to-remain idle for all but its two trips 
a yeat a subsidy for it of about 130,000/. would be 
required, but ‘at was reasonable to assume tha 
luetative employment could be°found for this shi 
in special cruises, which would justify the assumption 
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subsidy necessary for the maintenance of the fort- 
nightly service would thus be in the region of 
450,0007. per annum. In considering these figures 
it must be remembered that the cost of carrying 
mails at present amounts to about 260,000/. per 
annum, and that expenditure is incurred on account 
of assisted passages. These sums are to be deducted 
from the subsidy mentioned. It must also be borne 
in mind that there would be great scope for economy 
in operation due to the reduction of the time spent 
in port. As only a small amount of cargo would be 
carried the handling need, not be the factor deter- 
mining the duration of the stay in port nor, indeed, 
need the necessity for taking fuel on board or filling 
up with fresh water. The only factors for considera- 
tion in this respect were those of overhauling the 
machinery and provisioning the ship. Thesuggested 
yessel was outlined on the basis of replenishing with 
oil fuel at two intermediate ports, namely, Port 
Said and Colombo, and that water would be taken 
aboard at one intermediate port. If fuel could be 
obtained at Fremantle, in addition, and water at 
two or three ports, the total deadweight could be 
reduced, and the main requirements met with a 
vessel rather smaller, and therefore cheaper, than 
that suggested. 

Sir John Biles concluded his note by stating that 
it would be appreciated that the considerations 
sketched in his proposals were altogether dependent 
on the one assumption that the volume of passenger 
and cargo traffic would be adequate to keep the ships 
employed to the extent assumed in his estimates of 
revenue and expenditure. While this was the case 
the value of the suggestion of a service where early 
use might be made.of the improvements effected in 
Diesel engines was very great. Improved facilities 
and accelerated services were always found to be 
followed by a greatly extended use. Sir John has 
pointed out a case where undoubted advantage is to 
be obtained from the application of modern 
developments and in doing so he has rendered a 
great service. 





THE AUSTRIAN STATE RAILWAYS. 


Ir will be remembered that some time ago Sir 
William Acworth was invited to report upon the 
railway system of Austria with a view to its being 
put on a sound commercial footing. In this matter 
Sir William was assisted by Dr. Herold, of the Swiss 
Federal Railways, and their joint report clearly 
illustrates the dangers to which State ownership 
may lead. It may not be disputed that in settled 
times and under favoured conditions State owner- 
ship may prove workable, and possibly in the eyes 
of some, advantageous. The condition of the rail- 
ways of Austria are the natural result of the upheaval 
of recent years. The system, as Sir W. Acworth 
points out, is essential to the trade of Europe and 
must always be of importance, yet it has been so 
mismanaged by the State that its losses have been 
very heavy, and little attempt has been made to 
work the lines as a self-contained business system. 

For instance, among the first points noted by Sir 
William is the fact that for every 130 kronen paid 
by the public to the railways the Finance Minister 
has taken 30 kr. as a tax. No railways in these days 
could pay such a tax as this and remain solvent. 
Again the railways have rendered unpaid service to 
the Post Office, to the value, Sir W. Acworth 
estimates, of 80 milliard kronen per annum, while 
they have had other burdens imposed upon them 
such as the payment of pensions on scales which 
have in cases exceeded the salary of officials at 
retirement. On the other hand, nothing has been 
set against depreciation, nor for interest on the 
public debt involved in the railway capital, which 
1s stated to amount to over 2,000 million gold crowns, 

The internal organisation has been equally hope- 
less, The system has had no individual chief, but 
& number of heads of sections of equal rank. Re- 
sponsibility has been spread over so many indi- 
Viduals that it has not been brought home to any 
one, while intermediate offices have added to the 
Toutine, delay and general complication. The staff 
employed has been exeessive, especially on adminis- 


' tration duties, 


The question of outdoor management is_ dealt 
with by Dr. Herold, who points out that the time 


's not opportune for embarking on large new schemes, 


and that electrification projects in hand will probably. 
only be able to pay interest on capital without 
resulting in overall economy. This opinion is 
interesting coming from a representative of the 
Swiss railways. While the lower grades of the ser- 
vice are not worse off than before the war, the higher 
are stated to be receiving only a fraction of their 
pre-war salaries; this, we take it, is consequent 
upon the social upheaval and the consequent neg- 
lect of the educated classes., The. rigid inter- 
pretation of the 8-hour day has been the cause of 
heavy expenses, and compromise on, this. is: advo- 
cated, but the chief point of this part of the report 
seems to that referring to staff. At the date of 
reporting, the staff numbered 90,000. This, it is 
argued, could,be reduced to 65,000, the largest reduc- 
tions suggested being 8,000 men in the permanent 
way staff and 6,500 men in the station staff. The 
locomotive running staff is reasonable, but that 
employed in supervision and in running sheds might 
be reduced by 50 per cent. or 3,000 men. A further 
2,500 could be spared from the repair shops, The 
pensions involved by these reductions would be 
heavy and could not be borne by, the railways alone. 
Finally, in the matter of tariffs, Sir William shows 
that when reduced to a gold standard passengers 
are paying less than two-thirds of the pre-war 
equivalent fares, while goods rates have only been 
advanced 10 per cent. on average. 

The main recommendations may be briefly sum- 
marised. Sir William insists on the need of inde- 
pendence of the railways as regards finance so that 
the Finance Minister will no longer have direct 
authority in this respect. Reorganisation is re- 
quired with: the institution of the office of general 
manager or its equivalent, and a complete chain of 
responsibility throughout the grades. Policy should 
be decided at headquarters, with as much freedom 
for local executive officials as possible, and, possibly, 
local advisory councils. Reduction of staff is 
essential and the readjustment of tariffs so that the 
user should pay for the service rendered by the rail- 
ways, instead of the taxpayer. It would be quite 
possible, the report points out, to balance the rail- 
way accounts if these steps were taken, including 
the payment of a low rate of interest on the capital 
debt involved. 





THE FUTURE STRUCTURE OF SEA 
POWER. 


“Yr the Govyernment’s decision to continue 
building first-class surface ships was wrong, then we 
have placed our whole destiny, and our future 
existence, at the mercy of a more far-sighted rival. 
We are only preserved from ruin because others 
have been as stupid as ourselves.” This, stated 
in its plainest terms, is the problem which still 
divides naval experts ; and it will be seen at once 
that it is of such importance that every other naval 
controversy is subordinate to it. Whether Singa- 
pore should be turned into a great naval base, 
whether the air service attached to the fleet should, 
or should not, be part of the naval organization, 
are obviously points which can only be correctly 
solved if the main issue is rightly worked out. 

For these reasons the lecture delivered by Admiral 
of the Fleet, Sir F. C. D. Sturdee, on the 3rd inst., at 
the Royal United Service Institute, is of exceptional 
interest. To examine “the importance of battle- 
ships, cruisers, and suitably placed bases for main- 
taining overseas communications” is to survey the 
essential factors of sea power. Nobody is more 
qualified to do so than the seaman whose name 
will always be connected with the most brilliant 
oceanic operation in modern warfare, and who raised 
the prestige of our arms at one of the darkest 
moments of the war. 

His lecture leads him to the following conclusions : 
(i) a battle fleet is the only possible counter to the 
battle fleet of a foreign power. If any state neglects 
to build one it will be faced with a maritime handi- 
cap which no substitute will ever redress ; (ii) air- 
craft may increase the vision of surface ships and 
so make their gunnery more accurate; but. as 
they cannot engage and fight them decisively, they 
can never be their rivals. From. which it follows 
(iii) that oceanic communications can only be kept 
open by large numbers of cruisers, protected by 





heavy fleets, based on fortified harbours echeloned 





along -the, most rival ocean. ,highways,,.against 
concentrations of more highly armed. vessels. | 

To these conclusions Sir Percy Scott. objected: 
that, in no strategical plan of .war against France 
could our battleships. be put. to any use; that the 
British battleships of the Dardanelles squadron 
could not face the German submarines; and +that 
the proper counter to a fleet. of foreign battleships 
was a type of vessel.of his own invention and design. 

The only way of contributing, usefully to, sucha 
controversy is. to see how far the. known. facts of 
the naval war support, Sir Percy Scott’s arguments, 
The essential duties of a fleet are :.(i) to prevent 
invasion ;, (ii) to keep communications open forthe 
passage of supplies, and the, movement. of overseas 
expeditions, and (iii) to see that the hostile power 
is denied all similar facilities. Our fleet. performed 
all these duties in the war: could they have been 
better, or more thoroughly, carried out by a fleet 
differently constituted ? 

On the first head we have a very good test) ease. 
On April 24, 1916, Admiral Scheer brought, out the 
whole of the High Seas Fleet, and, haying taken 
his battle fleet. to Terschelling, sent his battle 
cruisers ahead towards the English coast. Early 
in the morning of the 25th, therefore, Admiral 
Hipper bombarded Yarmouth and Lowestoft, for:a 
short time, and then retired eastward to rejoin his 
ehief., Except for a few moments, during which 
Admiral Tyrwhitt endeavoured, most unselfishly, 
but without avail, to interfere with the Germans 
by means of a flotilla attack, Admiral Hipper was 
not opposed. The significance of the operation 
must not, be judged by its results. It tested the 
capacity of flotillas and submarines to defend an 
unfortified coast-line, and proved that they cannot 
do so. . We knew that the German fleet was putting 
to sea; and, a short time afterwards, we discovered 
its objective. Thus forewarned, we concentrated a 
very large number of submarines in the threatened 
area, and laid a long line of them in the central part 
of the Flanders bight, right across the German line 
of advance and retirement; we then assembled 
another group off the point. of attack. They 
probably hampered the German admiral, for they 
were handled with great skill and courage ; but 
they did not thwart the German plan or bring 
it to. a standstill. 

Their failure to do so brought home an uncomfort- 
able lesson to us with some force. ; Nothing had 
prevented the German admirals from) moving across 
with a large number of. transports; and, had they 
done so, our local flotillas and. submarines could not 
have prevented a landing in force; which would 
have gone forward unchecked for nearly twenty; 
four hours—that is, until_our main squadrons 
arrived. Our flotillas and submarines could no longer 
be counted upon to give our coasts any permanent 
security. If German troopswere not landed in 
England on April 25, 1916, it was because the 
German naval staff thought the operation. unsound, 
and not because they lacked the power to carry 
it out. 

Turning to the second of a fleet’s essential duties, 
we have abundant evidence that it can only be 
performed by a powerful surface fleet; and that 
submarine flotillas cannot prevent it from doing so. 
At the beginning of 1915 we had carried one infantry 
division .to the Mediterranean and landed it in 
Egypt. A year later we had transported. fourteen 
divisions to Salonica, Egypt and Mesopotamia, 
This enormous movement had been effected in 
the week of the strongest opposition; for the 
German Staff, in order to stop our concentration of 
military forces in this new theatre, concentrated in 
the Mediterranean every submarine not, required for 
operations in the North Sea. In the outcome, their 
submarine commanders impeded us and added to 
our difficulties, but they never prevented us from 
doing as we wished. In other words, the experi- 
ment of interfering with overseas movements by 
means of a submarine fleet has been tried and 
failed. 

There is no better example of the. third class of 
duties which a modern fleet is called upon to perform 
than the task so brilliantly performed by Admiral 
Sturdee at the end of 1914. Our sea communica- 
tions with South America were then threatened 
by, a, victorious German squadron which might, 
at any moment, have attacked the Plate route and 








endangered our food supply. If Admiral Sturdee 


had set out to face his antagonist with any squadron 
but the one allowed to him; had he, in fact, been 
equipped with a force which lacked the gun power 
and speed of two Spee’s cruisers, does anybody 
imagine that he could have achieved his purpose ? 

Other concrete tests of the power which a sub- 
marine fleet possesses against surface craft can be 

_ found in the official records of the war. To review 
them in detail would be, in fact, to write a history 
of the naval war. ‘Yet, if any conscientious student 
of the problem takes the trouble to muster the 
relevant facts and muster them fairly, he will always 
come to the same result. Submarine operations 
may, in favourable circumstances, obstruct a fleet 
and impede its movements ; but all arguments about 
the power of submarines and aircraft to drive 
surface battleships from the sea are based on specula- 
tion and not on fact. 

Admiral Scott’s remark about our battleships 
at the Dardanelles is as deceptive as his other 
arguments. It is quite true that the arrival of 
the German submarines in the Straits, combined 
with their brilliant initial successes, caused us to 
alter the composition of the naval forces detailed 
to support the army; but it is quite untrue that 
the latter were permanently withdrawn to harbour. 
They were, from then onwards, relieved of their 
routine duties as flanking ships and reserved for 
special occasions. Even though they had been 
confined to harbour for the rest of the campaign, 
Sir Percy’s “‘ unanswerable” question would only 
convey @ half truth. The Goeben’s destructive raid 
upon our blockading forces in 1917 was only possible, 
because, at the moment we had no surface ships of 
sufficient force to oppose her. Our very numerous 
submarines were quite unable to keep her inside the 
straits. 

In conclusion, it should be noticed that certain 
quite exceptional circumstances give a peculiar 
impetus to the controversy. The naval war in 
the North Sea had features of its own which are 
not likely to be repeated. The essential char- 
acteristics of our operations were, that each side 
knew when the other was putting to sea, and that 
each fleet, by the limitations of the strategical chess- 
board, was compelled to concentrate in restricted 
waters, particularly open to every form of minor 
attack. These things combined to assist submarine 
operations and make them dangerous ; but because 
they were the basic features of a particular 
naval war they do not, on that account, become 
the necessary factors of any maritime operations 
in which we may at some future time become 


engaged. 





NOTES. 
Tue INSTITUTION OF WELDING ENGINEERS. 


Ir has been remarked more than once that there 
has long been a sufficiency of engineering technical 
institutions, but almost every winter session sees 
the inauguration of some new one, and these new 
organisations, once formed, as a rule show no tend- 
ency to die out. The latest addition to the growing 
list is the Institution of Welding Engineers, the 
first meeting of which was held the week before 
last. Although it may be held that the whole of 
the possible programme of this institution is already 
covered by the scope of older institutions, there are 
many subjects connected with electric and gas 
welding which are of great importance to those 
concerned but which are little likely to form the 
subjects of papers before the older organisations. 
With the growing complexity of engineering prac- 
tice it has become \very difficult for an institution 
covering a wide field to cater for the detailed in- 
terests of its merabers, and specialised institutions 
dealing only with some branch of a subject have 
arisen almost as a matter of necessity. It is possible 
that this effect has been encouraged by too great a 
tendency in some of the older institutions to confine 
themselves to papers of an abstract or academic 
character to the neglect of more practical affairs. 
The new institution of Welding Engineers is not, 
we think, likely to commit any error of judgment 
of this kind, and their proceedings should make 
much valuable practical experience generally avail- 
able. An excellent start was made at the first 
meeting at which Sir Peter Rylands, the President, 
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delivered an inaugural address and two very prac- 
tical papers were read, one of which we shall reprint 
in a future issue. The present offices of the 
Institution are at 30, Red Lion-square, Holborn, 
London, W.C.1. 


Tue INSTITUTION OF MECHANICAL ENGINEERS. 


Following the precedent of recent years, the 
President of the Institution of Mechanical Engineers, 
Sir John Dewrance, delivered his address, on Friday 
last, at the commencement of the winter session 
instead of early in his year of office as was 
formerly the custom. In conformity with present 
regulations of the Institution, we reproduce the 
address on page 538 of our present issue, in abstract 
form only. At its conclusion a vote of thanks to 
Sir John Dewrance was proposed by Sir J. A. F. 
Aspinal] and seconded by Captain M. H. P. Riall 
Sankey, past presidents, and was passed cordially. 
In moving the vote Sir John Aspinall remarked 
that when he first went to the Inchicore works 
in 1875 he had there found many records of 
work done on the Great Southern and Western 
Railway of Ireland by Sir John Dewrance’s 
father. The present standing of the Institution 
was shown by the acceptance of its examinations 
as qualifying for corps pay in the Royal Engineers. 
Captain Sankey, in his remarks, referred to his 
connection in 1875 with the brake trials of the Royal 
Commission on Railway Accidents. We may men- 
tion that the President, in the course of the pre- 
liminary business, stated that through the good 
offices of Dr. H. 8. Hele-Shaw, the Institution had 
been presented by Mr. B. J. Hall with an original 
brass rule made to the order of its first President, 
George Stephenson. At the close of the meeting the 
President announced that the Council had decided to 
nominate as president for the coming year Mr. W. H. 
Patchell, who was at present absent in America, 
and it was agreed at the meeting that a telegram 
of congratulation should be sent to Mr. Patchell. 
The Council further had nominated Mr. Daniel 
Adamson to fill the vacancy which would thus be 
caused on the Council. In concluding the meeting, 
attention was called to the Thomas Hawskley 
lecture which will be delivered on November 2 
by Sir Westcott Abell on ‘‘ The Mechanical Problems 
of the Safety of Life at Sea.” 


THe Socrety oF TECHNICAL ENGINEERS. 


The technical staff forms a unit in industry, the 
importance of which is not always recognised, 
and the Society of Technical Engineers may well 
claim consideration and attention from the mere 
fact that it forms a central body representing the 
interests of this unit. The Society has now been 
in existence for some years, and although it met 
with little encouragement at first, either from 
employers or manual workers, it is gradually 
winning a definite place in the organisation of in- 
dustry. The main objects of the Society are the 
general adoption of a scheme of superannuation 
which will not tie its members to individual firms, 
and the institution of unemployment insurance, 
and of an efficient employment bureau. It also 
concerns itself with safeguarding the patent rights 
of inventors, the adjustment of inequalities in 
conditions of service and rates of pay, and the 
recognition of the principle that only qualified 
technicians should hold technical posts. The 
carrying out of some of the items of this programme 
will clearly be a matter of considerable difficulty 
and must involve many years of work, while others 
may be expected to raise opposition. If the Society 
is wisely guided, however, it may gradually build 
up a position from which the difficulties confront- 
ing it may be surmounted, and in virtue of which 
it may be generally recognised as the proper 
representative of the “third party ” in industry, 
employers and manual labour representing the 
other two. That the Society is working on 
sound lines and that it suffers from no trade union 
narrowness is indicated by the fact that it has set 
before itself as a main object the advancement of 
British engineering industries, and that it has 
pledged itself to keep this aim steadily in view in 
all its activities. It does not propose to intervene 
in disputes between employers and manual labour, 
but where staff interests are directly, affected it 
would make direct representations to the manage- 


ment. The Society has recently decided to recom. 
mend and foster the formation of staff councils in 
individual engineering firms. It is not proposed that 
such councils should have any official association 
with the Society, but any help or advice towards the 
formation of such councils, which may be possible, 
will be given. Such councils wisely directed might 
do much to assist the general objects of the Society 
and would be a source of strength and recruiting 
ground for it. We understand that such councils 
have already been formed in several well-known 
firms. The address of the Society, to which the 
attention of technical staff men in general may 
profitably be directed, is 102, Belgrave-road, 
London, S.W.1. 


THE Port or LONDON AUTHORITY. 


The Port of London Authority has recorded the 
arrival and departure of a larger tonnage in the year 
ending March 31 last than in any recent twelve 
months. In fact it is necessary to go back to 1913, 
when over 40 million tons of shipping arrived and 
departed, to find a figure exceeding the 39,293,193 
tons recorded for the past year. The shipping paying 
river tonnage dues was no less than 16-7 per cent. 
more than in the previous year, having amounted 
to just over 30 million tons. This was made up 
of an increase of 14-5 per cent. in the shipping to 
and from foreign ports, while coastwise shipping 
(on a much smaller figure of course) showed an 
increase of 24-5 per cent. The revival of coastwise 
shipping is interesting, the actual increase in the 
year amounting to 1,392,821 tons. The shipping 
making use of the Authority’s wet docks amounted 
to about 64 per cent. of that using the port. In 
proportion this shows a slight increase on the 
previous year, and a considerable rise on the figure 
of 60-3 per cent. which was the average for 1912-14. 
The actual increase under this heading is rather 
less than 3 million tons. The shipping using the 
Authority’s dry docks diminished by 434,548 tons, 
amounting in 1922-23 to 1,996,913 tons. For the 
twelve months ending December 31, 1922, the value 
of the imports and exports of the United Kingdom 
were 3-7 per cent less than in the previous year. 
In this period only two of the larger ports showed an 
improvement in traffic, viz., Hull and Manchester. 
Glasgow suffered most heavily with a drop of 14:3 
on the previous year, while the value for the Port 
of London declined by 7-0 per cent. and for Liver- 
pool by 8-3 per cent. The Port of London revenue 
for the year ending March 31, 1923, amounted to 
£6,319,295, while the expenditure was £4,682,425, 
giving a net surplus after payment of income tax, 
interest, &c., of £235,880. During the year 4 
number of works were completed. Dredging in 
the river channel was carried out to the extent of 
2,903,612 cub. yds., and in the docks to 1,110,111 
cub. yds. Two double-storey transit sheds were 
completed at King George V dock, 1,150 ft. and 
1,100 ft. long respectively. The new Port of 
London Building on Tower Hill was opened. The 
report also refers to the programme of extensions 
now decided upon at Tilbury, and at the Surrey 
Commercial Docks, of which we gave a full account 
on p. 152 of our issue of August 3 last. The pro- 
gramme, it will be remembered, is expected to 
involve an expenditure of the order of 5 millions 
sterling. The Authority has invested in two 
barges equipped with oil separator appliances for 
service in the port under the regulations of the 
Oil in Navigable Waters Act, 1922, under which 
water mixed with oil may not be discharged direct 
into docks, harbours, &c. 


ENGINEERS AND PuBLic AFFAIRS. 


The fact that engineers now take an increasingly 
important part in public affairs was clearly demon- 
strated at the celebrated oyster feast which has 
been held annually at Colchester for several centuries 
past, and which took place this year on Thursday, 
the 18th inst., in the Town Hall. Councillor 
Percy A. Sanders, O.B.E., the Mayor of Colchester, 
who is personally responsible for the feast, is himself 
a mechanical engineer and a director of Messrs. 
Davey, Paxman and Co., Limited, of Colchester, 
and although this fact may have influenced the 
circumstance that the guests included a considerable 
number of well-known engineers, as well as cabinet 





ministers and other prominent public men, it 18 

























































— em ee ee et ot Oe ee lee a i ee oO OO 





1923. 
1 to recom- 
councils in 
posed that 
association 
towards the 
be possible, 
cted might 
the Society 
1 recruiting 
sh councils 
well-known 
which the 
meral may 
yrave-road, 


[TY. 


corded the 
in the year 
ent twelve 
ck to 1913, 
rrived and 
39,293,193 
ying paying 
7 per cent. 
amounted 
3 made up 
hipping to 
e shipping 
showed an 
f coastwise 
ase in the 
e shipping 
amounted 
port. In 
e on the 
the figure 
or 1912-14. 
is rather 
using the 
t,548 tons, 
For the 

, the value 
Kingdom 
ious year. 
showed an 
‘anchester. 
yp of 14-3 
r the Port 
for Liver- 
mn revenue 
ounted to 
4,682,425, 
come tax, 
e year a 
edging in 
_ extent of 
1,110,111 
heds were 
50 ft. and 
- Port of 
ned. The 
extensions 
he Surrey 
Il account 
The pro- 
pected to 
5 millions 
| in two 
iances for 
ns of the 
Jer which 
ged direct 


S. 

creasingly 
ly demon- 
vhich has 
| centuries 
Thursday, 
Councillor 
‘olchester, 
is himself 
»f Messrs. 
‘olchester, 
enced the 
nsiderable 
1s cabinet 
nen, it is 


Oct. 26, 1923.] 


ENGINEERING. 


535 








certainly noticeable that engineers now take part 
in the public life of the nation to a greater extent 
than was formerly the case. It was, of course, 
greatly to be regretted that His Royal Highness 
the Duke of York, who had promised to be present, 
was unable to attend. The toast of the Imperial 
Forces, proposed by Sir Ernest Wild, K.C., was 
responded to by the Earl of Derby and by Sir Samuel 
Hoare, Bart., Secretary of State for Air, the latter 
speaker referring, in the course of his remarks, to 
the results obtained in the recent trials of low- 
powered aeroplanes at Lympne, as recorded in 
our last issue on page 502. The Air Ministry, he 
said, had been much impressed by the results and 
were anxious to make use of any developments which 
might assist in the expansion of aviation, It might 
be found that these small machines could be used for 
training pilots, and, if so, considerable economy in 
the expenditure involved in organising the Air Force 
for home defence would be effected. He also 
mentioned that the Air Ministry intended to offer a 
prize for two-seater light aeroplanes, stating that 
details would be announced later. The toast of 
the prosperity of the Empire proposed by Sir L. 
Worthington-Evans, Bart., was responded to by 
Viscount Burnham and Mr. F. C. Goodenough, 
who dealt with questions of communications and 
finance respectively, and also by Dr. H. §S. 
Hele-Shaw. The last-mentioned speaker, whose 
remarks had to be curtailed owing to lack of time, 
first referred to the relationship between employers 
and employed, remarking that working men had 
generally come to the conclusion that strikes were 
a disastrous method of argument. The workers, he 
said, had now no objection to the introduction of 
improved mechanical devices; such devices, in 
fact, were even welcomed. Employers had also 
changed in recent years, in that they now supported 
research work which had previously been regarded 
asa nuisance. The speaker had no doubts as to the 
industrial future of the Empire, and, in support of 
this view he pointed out that while the United 
States possessed about a half of the world’s coal 
and Great Britain had only a fortieth, the coal 
resources of the whole British Empire amounted to 
one fourth of the world’s total. Among the other 
speakers were the Mayor, who proposed the toast 
of the Belgian Ambassador (which was duly re- 
sponded to by Baron Moncheur), Viscount Cowdray, 
Cardinal Bourne and the Lord Mayor of Birmingham. 
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The Life of Sir William White, K.O.B., F.R.S., LL.D., 

D.Sc. By Frepertc MANNING. With an introduc- 

tion by the Rt. Hon. Lord George Hamilton, G.C.S.L., 

D.C.L. London: John Murray. [Price 21s. net.] 

Or late years biography has formed no small 
portion of our literature. To all who have played a 
large part in the drama of life is given the oppor- 
tunity of living in the memory of posterity. In the 
long list of men to whom this honour is due few are 
entitled to a higher place than Sir William White, the 
eminent naval architect, who at a critical time in 
the history of warship construction was responsible 
for the design and construction of the ships of 
H.M. Navy. When he entered on his apprentice- 
ship in 1859, iron and steel had not entirely super- 
seded wood as a material for ships, and steam 
as a motive power was regarded with some mistrust 
by those who had seen what competent seamanship 
had been able to effect with masts and sails. The 
earlier decades of his life witnessed the supersession 
of the work of the previous ten years, with the 
result that numbers increased, but homogeneity 
was unattainable and fleet efficiency diminished as 
types were multiplied. 

Into these miscellaneous systems it was necessary 
to bring order, and in the public mind to inspire 
confidence, and if White’s share in the arduous 
task is to be adequately represented the history of 
the Navy must be sketched with some accuracy of 
details. This necessity may be fatal to biography as 
generally understood, though it renders Mr. Man- 
hing’s pages more picturesque and increases their 
sprightliness by recalling some old and piquant 
stories. The man necessarily becomes over- 
shadowed by his work, and this may be inevitable. 
We see more of distracting and uncertain policy, 





of plot and counterplot, of animosities and question- 
able motives, of which White may have been the 
victim, but was not the aggressor, than we do of the 
man in his struggle with circumstances. White left 
no self-revealing diary, and his letters, other than 
official, are very few. We are conscious of a man 
who surrenders himself entirely to his profession, 
who worked strenuously to secure worthy ends, who 
won and deserved generous friendship, but we gain 
an insight only into his public life. We see more of 
him as a youth struggling against adverse circum- 
stances at Devonport—winning prizes, gaining 
scholarships, and acquiring character—and at the end 
of his life, when broken in health and stung by harsh 
judgments, seeking partial repose and change of 
scene, than we do in the vigour of manhood. We 
learn exactly how many ships he designed, and how 
he fulfilled the duties imposed on him by successive 
Boards of Admiralty, but statistics do not make 
biography. 

Gaining an apprenticeship into Devonport Dock- 
yard at the age of 14, at a wage of 3s. a week, 
White had little time for early study at school, 
though his parents did their utmost, at some 
sacrifice to themselves, to secure him ‘an adequate 
education. The deficiency was remedied by his 
own exertions and by attendance at the Dockyard 
School, where he acquired such proficiency that he 
was among the first selected for admission to the 
newly founded Institution of Naval Architecture 
and Marine Engineering at the South Kensington 
Museum. After a brilliant career, he passed to 
Chatham Dockyard, first, in the position of an 
additional, and later as a third-class, draughtsman. 
Here, again, he was fortunate for Mr. (afterwards, 
Sir E.) Reed, recognising his ability, removed him 
from the ordinary routine and made him his own 
personal secretary and confidential assistant, a 
position in which he had the opportunity of seeing 
much original research, combined with the advantage 
of working with one of the ablest men in the pro- 
fession. Although his career seems to have been 
eminently satisfactory, Mr. Manning hints that 
White was labouring under a sense of dissatisfaction, 
and though he expressed a superficial thankfulness 
*‘for the blessings of these last years,” he enter- 
tained a feeling that the blessings were not quite 
adequate. The author may have more evidence 
of this sense of irritation than he allows to appear, 
but in the early days at least, there are no other 
proofs that White harboured any kind of resentment. 
Looked at dispassionately he seems to have enjoyed 
rare good fortune, presuming that he really desired 
the career in which he was afterwards so successful. 
Had he been born a little earlier, he could have found 
no means for procuring the excellent training that 
the school at South Kensington, combined with the 
practical work in the dockyards, afforded. The 
country had not yet recognised the duty nor the 
necessity of training its youth. Even the Elementary 
Education Act had not then passed. 

In 1870, Reed resigned the office of Chief Con- 
structor, White was thus separated from his patron ; 
the former remained under Mr. (afterwards Sir 
Nathaniel) Barnaby, who was appointed Presi- 
dent of the Council of Construction. In order 
adequately to appreciate White’s work at the 
Admiralty, it is necessary to be able to compare 
the state of the Navy as it was in the time of Mr. 
(afterwards Sir) E. Reed, with the fleet that White 
handed over to his successor. The history of the 
period deserves close attention and brings up many 
old and forgotten controversies, that excited naval 
architects. - White, though he may have furnished 
arguments and prepared statements was hardly a 
protagonist in the fray. It was about this time, 
that he was appointed Instructor in Naval Archi- 
tecture, first at South Kensington and afterwards 
at the Naval College, Greenwich, and was writing 
his ‘‘ Manual of Naval Architecture,” which was 
issued as a text book for officers of the Royal Navy, 
and was largely used in foreign schools. It is a 
model of lucid exposition, and to its wide circula- 
tion White owes not a little to his early reputation. 
Another project which engaged White’s attention, 
though the scheme did not fructify till some years 
later, was the formation of the Royal Corps of Naval 
Constructors. The object of the plan was to improve 
and harmonise the technical status of the pro- 
fession, and incidentally, to remove the. marked 


distinction in qualifications existing between officers 
of the Constructive Staff at the Admiralty and 
similar officers in the dockyards. 

After filling successively the offices of Assistant 
and Chief Constructor, rendering many valuable 
services to the Admiralty and the nation, White 
determined in 1883 to resign his appointments with 
the Government, and to accept a position in the firm 
of Sir W. G. Armstrong, Mitchell and Co. The con- 
nection with Elswick, which lasted for two years, 
was undoubtedly of advantage to both sides. 
White’s energies were narrowed to the special 
problems of the naval architect, and by concentra- 
tion there was gain in intensity... He increased his 
experience and authority, while Armstrong’s had 
the benefit of an original mind, “still in: its first 
maturity; keenly sensitive to new ideas; alive to 
the urgency of current problems, and fertile in the 
resource by which such problems were to be met.”’ 
There is no necessity to catalogue the individual 
successes' that marked the progress of the firm 
during the period of connection. He superintended 
the construction of vessels for several progressive 
Governments of Europe and Asia, and, moreover, 
gave’ a new direction to naval development by 
his designs for fast protected cruisers carrying a 
powerful armament. The shipyard, too, had been 
reconstructed and enlarged, and where mud and 
debris had accumulated there arose perfect slips 
provided with the most modern machinery and 
mechanical appliances. 

The tale of the return of White to the Admiralty 
is told by Lord George Hamilton, who was First 
Lord in 1885 and responsible for effecting, the 
transfer.: Lord George was convinced that White was 
the best qualified man both to give direction and to 
defend the policy of ship design that the Admiralty 
proposed to pursue. But White’s services ‘were 
highly valued at Elswick, and the inducement the 
Admiralty could offer from a pecuniary’ point of 
view was decidedly inferior to that which he enjoyed 
in the Armstrong Company. Without a moment’s 
hesitation, White accepted the offer—‘‘a rare 
example,” says Lord George Hamilton, ‘‘ of patriotic 
self-sacrifice.” It was certainly great, but we hope 
it is not rare. The ready acceptance gives: an 
insight into White’s real character, and it is satis- 
factory to know that the Admiralty appreciated 
this act of self-denial on the part “‘ of the first 
naval architect in this country, or, I might say, 
in the world.” 

A rather amusing episode followed White’s return 
to London, and it does not lose in piquancy by being 
told by its originator. The Admiralty were suffering 
at the time from the attacks of Sir E. Reed, who 
had been Chief Constructor of the Navy—‘ a man 
of considerable ability with a singular power of 
truculent invective.” We are following in this 
description the account of Lord George, who saw in 
Reed a disappointed man who had failed as a private 
designer and builder, but whose scientific training 
and power of speech made him more than a match 
for the ordinary Parliamentary official. From his 
place in the House of Commons, Sir E. Reed offered 
great opposition to Admiralty schemes, vehemently 
opposing the plans of Sir N. Barnaby, whom White 
was destined to follow. Reed unfortunately was 
bitterly opposed to White’s re-entry into public 
service, for White among his other gifts was an 
admirable speaker and a master of debate. Fearing 
a, continuance of the tactics Sir E. Reed had pursued, 
and determined to defeat them, Lord George hit 
upon the expedient of making Reed face White in a 
public debate upon the question of design before 
a trained audience, at the Institution of Naval 
Architects. The scheme was carried to a successful 
issue, and the author gives the details at length, 
though we can only give the result of the duel. 
“In his discussion White slowly but effectively 
flattened out Reed, and never again did: the latter 
attack the Admiralty ; on the contrary, he became 
its supporter and eulogist.” 

The tale of White’s activities at the Admiralty 
is that of one continual success. The programme of 
the Government to which he contribuited:so notably 
was defined in the Naval Defence Act of 1889, 
which embodied a comprehensive scheme whose 
completion would occupy some years, and would 
restore homogeneity to the Navy and give confidence 





and security to the nation. Of course there was 











opposition. Lord Randolph Churchill contended 
that the House should limit itself to considering the 
Vote for the current year, and that the members 
should not give their consent to any resolution that 
would have the slightest binding effect upon the 
Parliament of the succeeding year, a contention that 
would have destroyed the possibility of any syste- 
matic progress. Mr. Goschen parried, by pointing 
out that it: would be very difficult to reverse the 
policy of any Government, after the majority of the 
House had become parties to it. Lord George 
Hamilton triumphed. and the result was that: White 
produced eight battle ships of the “‘ Royal Sovereign ”’ 
elass: and: two of smaller size. Under the Spencer 
teyime of 1894, nine “ Majestics’”’ were added to 
the! Navy. Six ships of the “Canopus” class 
followed in 1896, and as these gave only moderate 
satisfaction, eight .“‘ Formidables’’ were produced, 
With armour right up tothestem. The‘ Duncans”’ 
were another class’ carrying lighter armour of 
Krupp steel, and designed to steam at 19 knots. 
Finally White was responsible for eight ships of the 
‘* King Edward” type. The armament was specially 
powerful. The armour was extended from the main 
deck to the upper deck, and the water line belt was 
continued aft. 

o Summing up, in his seventeen years of office 
Sir William White—the recognition by a K.C.B. of 
his services came rather tardily—designed 43 battle- 
ships, 26 armoured cruisers, 21 first-class, 48 second- 
class and 33 third-class protected cruisers, exclusive 
of smaller vessels ‘and destroyers. The numbers 
are surprising and constitute a noble. record of a 
valuable life. But the expert will regard the accu- 
racy in the results as more surprising than the 
quantity. In not a single case did the actual ship 
exceed in draught or displacement the estimates of 
the design. High propulsive efficiency was always 
realised, and in no instance did one of White’s ships 
fail to attain her legend speed. 

Was there no failure in this career of unlimited 
success, it will be asked. Yes, one, and the mention 
of it seems to bring out more prominently the proud 
effects of! untiring work. The one failure was the 
Royal yacht built for Queen Victoria, which, after 
being successfully launched on May, 9, 1899, 
heeled over in dock on January 3, 1900: Follow- 
ing the incident there was an inquiry into the 
stability of the vessel, and White admitted his full 
responsibility. He had been suffering and in weak 
health for some time, and acknowledged that’ he 
had been able to give only such time to the plans 
as he could spare from other work. Sir William 
felt: the blow keenly, the only blot on a stainless 
escutcheon ;. ‘ he knew the hostility in the minds of 
all:;concerned, his heart broke, and it was long before 
he ‘could smile again.” The censure passed was 
mild,;and was accepted with humility. His stay 
at the Admiralty was continued for two years, and 
much good work was done. ‘‘When it came to 
his last day in the office, which was January 31, a 
Friday, he sat for ‘some time alone, collecting 
himself, as it: were. Then he opened the door of 
the adjoining office, and said to his chief assistants, 
*Dam going now. Goodbye to you all!’ Noone 
rose from his seat, no one came forward to shake 
his hands; it may be, possibly, because they were 
taken by ‘surprise and embarrassed. He turned 
and walked down: the stairs alone. As he passed 
his: messenger he said, «This is goodbye,’ and the 
man came forward. at: once and said, ‘ May I shake 
your hand, Sir William, and say how sorry I am 
you are'so ill as to be obliged to leave us!’ ” 

Here we might leave Sir William, for Mr. Manning 
has: written the life of an Admiralty official, and 
anything after is of the nature of an anticlimax. 
But Sir Willian: énjoyed a period of ten years 
freedom from official life and made several journeys 
to America and Canada, where his brother engineers 
were ever ready with a warm welcome. He was not 
idle, for his experience and ability were claimed on 
many sides. He was on the Cunard Commission 
which settled the question of the type of machinery 
to be placed on the unfortunate Lusitania and on the 
Mauretania. He was, too, a director of Messrs. 
Swan, Hunter and Wigham Richardson, : Limited, 
who constructed the latter vessel. Mr. Manning in 





the volume under notice has made the most of: his 
materials, but we feel that private memoranda and 
letters: were few and insufficient. 
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EXPLOSION IN AN ALTITUDE CHAMBER.—We recorded 
recently that an explosion had occurred in the Altitude 
Chamber in the Dynamometer Laboratory of the Bureau 
of Standards, Washington, with fatal results. An inves- 
tigation held subsequently revealed the facts that the 
research in hand at the time was concerned with com- 
parative tests of fuels of differing volatility. Aviation 
gasoline was under test at the time. The engine had 
been running form 11.0 a.m. to 12 noon with the chamber 
open. The chamber was closed about 12.30 p.m. for the 
purpose of running a test at a lower temperature, and 
the engine was run from 1.0 p.m. to 2.0 p.m. From the 
fuel measurements taken it is concluded that a leak 
must have developed in the carburettor feed pipe or, as 


to have escaped, and the vapour from this appears to 
have become ignited by the engine back-firing: The 
altitude chamber was a concrete room with doors and 
walls designed to withstand an external pressure of 
1,500 Ib. per square foot. The chamber had been lowered 
to a temperature of zero for a “‘ winter.” test. The 
violence of the explosion shattered oil and other con- 
tainers inside and outside the chamber, with the result 





that a serious fire followed. 


a result of the float sticking. About a quart is estimated | P 
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THE STENT REINFORCED CONCRETE 
RAILWAY SLEEPER. 


Ar the time of the International Railway Congress 
held in Rome in 1922, opinion appeared to be crystallis. 
ing in the direction of the block and tie pattern of rail. 
way sleeper if concrete was to be adopted as a substitute. 
for wood. The scarcity of timber owing to the closing 
of the Baltic trade and other causes led a good many 
railways here and elsewhere to experiment with sleepers 
of reinforced: concrete. In many cases the endeavour 
was made to adhere as closely as possible to the con. 
ventional form of wooden sleeper, and, we believe, with 
most consistently unsatisfactory results, whatever the 
nature of the reinforcement introduced. Any sleeper 
so designed must be extremely heavy, liable to damage 
in handling, and to failure in the track as a result of 
faulty packing or) maintenance. All attempts to 
reduce weight in this design have resulted in weak. 
ness. The cost, is also prohibitive, even if a good life 
could be expected. 

The block-and-tie pattern of sleeper is quite a different 
proposition. In total weight it can be made much 
lighter than the other, while the components are of 


|weights relatively easily handled. The risk of damage 


in handling is reduced for this reason alone, while the 
blocks can readily be made of a shape which will with- 
stand without damage a good deal of rough usage, 
such as might be expected with the class of labour 


}employed in unloading permanent-way material along 


a track, preparatory to relaying. Another advantage 
of the block is that the supporting area can all be 
arranged where it is of the greatest value, while the 
substitution of the tie for the beam between the loaded 
points eliminates all the troubles of failure between 
the rails which has proved so common with the form 
designed: after the timber model. The principle, of 
course, is not novel, having been in use in the very 
early days of railways, and adopted as standard 
practice in many countries in connection with the 
cast-iron pot or other sleepers. 

A reinforced concrete sleeper of the block and tie 
pattern which may be ‘bnab ticket to have passed the 
experimental stage, is now in use on several railways 
in India, where this material offers considerable 
advantages over others. We refer to the Stent sleeper 
originally experimentally introduced on the Bombay, 
Baroda and Central India Railway, on which Mr. D. H. 
Stent, A.M.Inst.C.E., of 6, Hyde Park Mansions, 
N.W. 1, was formerly executive engineer. Sleepers 
of this type were first laid in 1914, and are still in use, 
showing no signs of wear or failure. These early 
examples were made without any special facilities, and 
although they have proved quite serviceable are not 
up to the high standard attained since, with special 
plant laid down for their manufacture. The output at 
the present time of these sleepers at the works of 
Messrs. Bird and, Co., at Delhi, is about 200,000 per 
annum, and all this is bespoken by Indian lines. The 
North-Western Railway has approximately 100 miles 
in use, and is laying more down as received from the 
manufacturers ; other lines on which important lengths 
are in service are the Bombay, Baroda and Central 
India, the East India, Eastern Bengal and others. 
Shorter trial lengths have been installed in other cases. 

We illustrate this sleeper in Figs. 1 to 8 opposite. 
The general photograph, Fig. 1, showing three forms of 
the sleeper and its component parts. The two near 
sleepers are respectively for broad and metre-gauge, 
and, as will be seen, are of the through bar type, after 
the style of the arrangement of the bar used with cast- 
iron pot sleepers. The furthest sleeper is a later 
development and is known as the short bar type. 
This is the form illustrated in the drawings Figs. 3 
to 5. We shall confine our description to the latest 
pattern in which the tie bar is of I-section, 1} in. by 
3 in., and, though lighter, is a great deal stronger than 
the standard 2} in. by } in. bar used with pot sleepers 
or the older design of Stent sleeper. 

The sleeper consists of two reinforced concrete blocks 
of an area suitable to axle load and gauge. The re- 
inforcement consists of two grids of 2 in. steel wire 
tied together 4 in. apart vertically. Tied into this 
frame is a socket for the end of the tie bar. This 1 
shown in detail in Fig. 6, the small bosses on the 
upper and lower sides being arranged for the wire 
loops which tie this piece to the grids. Each block 
is arranged, as desired, with two or four holes plugged 
with hard wood. No special seat is provided for the 
rail or chair; these are laid direct on the block and 
spiked or held down with screws according to the 
referred practice of particular railways. The sides 
of the plug holes. are reinforced with galvanised wire 
spirals as shown in Fig. 7, and the care taken m 
connection with this part is one of the special features 
of the Stent design. 

With regard to the blocks themselves the best 
materials are insisted upon. At the Delhi works 
quartzite is specially crushed for the aggregate, so a6 to 
ensure absolute freedom from dirt. The concrete 
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machine mixed, and ‘the ‘moulds are filled on Jagger. 


vibrating machines. ‘The blocks are finally cured for 
98 days under water. ’“The resulting concrete is so hard 
that wear has been almost imperceptible in the cases 
where even long experience has:already been obtained, 
and from this point of view the sleeper would appear 
to have an almost indefinite life under such service 
as obtains at least in India. The care exhibited with 
regard to the blocks is extended to the whole process 
which has been’ thoroughly well worked out. For. in- 


stance, the spirals for the .plug holes. are threaded, 
on cores which are also screwed. to. receive. them.. 


The spiral thus lies: in:the V of the threads, and after 
moulding, when the cores’ are screwed: out the’ spiral 





ENGINEERING: 





| below it is placed @ soft pad, and the anger drops on 


to this ‘without damage when driven through the plug, 
the drop providing the operator.with a clear indication 
that the hole is completed. 

In. the . process. of .manufacture the.grids.are made 
by hand on former plates. A plate for the large grid 
is shown in Fig.) 2, with one ofthe finished: grids 
standing behind. ‘Phe two grids’ are tied together and 
the bar sockets are'tied into them as already described, 
using small loops, and. stirrups made to standard. The 
moulds are of pressed. s and. made in. two parts, 
hinged. One is illustrated in Fig, 8..: After stripping, 
the moulds are placed on trolleys and-run to a section 
of the works whete they ate clearied!and oiled: They 








Its possibilities, and think there is a future before it. 
The. future is, of course, dependent’ upon its economic 
life. Everything so far: has pointed to excellent 
durability, and the value of the sleeper depends upon 
cost of production. This has already been shown in 
India to:be such that, although materials are not cheap, 
nor labour efficient, with the life anticipated the sleeper 
shows a great advantage over any wood slenier without 
or with bearing plates under the flat-bottomed: rails 
there in use, With prices so unstable and exchange 
variable, actual figures, are perhaps of small moment, 
but: it may be stated: that a comparison, based on 
experience. on. the: Nerth-Western. Railway of India 
shows the actuarial yearly cost per mile of track. for 
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remains on the crest of a threaded hole’ in the block. 
Again, the wooden plugs used are of selected hard wood. 
Teak or sal is adopted by preference and is carefully 
kiln-dried_ to a moisture..content well below that 
corresponding to. the humidity in the most arid regions, 
The drying process consists of progressive treatment 
for 20 days in hot air tunnels, during which time 
careful checks are made coritinually of temperature and 
humidity. The plugs are dried in the form of sticks, 
and these when brought: to the desired condition are 
finished and parted off, the plug having a small taper. 
The finished plugs are again dried. im ovens and are 
stored under these conditions till drawn for insertion 
in the blocks: They are all passed to gauge before 
use and after treatment while hot’ with hot tar, are 
driven by hammer into the matured blocks. The 
effect of the use of the special form of core referred to 
above, is to make the wooden, plug bear only when 
driven on) the wire spirals. As. the plug swells on 
absorbing moisture, the wood expands out into the 
thread recesses between the spirals, and is gripped 
in an absolutely firm manner. The further driving of 
the spike or screw into'the plug tends to increase this, 
so that the force required to withdraw the rail fastenings 
is considerably greater than in the case of the ordinary 
wooden, sleeper. Tests,on dog spikes have given 6,100 
lb. for teak: plugs: and:.even: 9,000 Ib. with sal plugs, 
as the force required: to effect withdrawal, compared 
with about 3,000 1b?for deodar and 5,000 Ib. for the 
standard sal wooden sleeper: 

7 he use of the plngs allows of the same latitude for 
augering as with wooden, sleepers. so, that, the track 


can be set, with equal facility., To. illustrate the atten- |, 
_ of this demonstration, and’ of other experience of. this 


tion given to small: points it may be stated that, as 
shown im Fig. 7, the plug does not reach to the bottom 
of the hole when driven-flush’ at the top. ‘In the space 
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are then, on the trolleys, passed to the assembling 


shops where they receive the built-up grids, and the 
plug cores and spirals. The trolley is then passed on 
to the moulding shop, where, as stated, machine mixed 
concrete.is.poured into the moulds while they are on 


a vibrating table... After setting, the moulds are |' 
stripped and returned to be cleaned and oiled for use |' 


again, while the blocks are sent on to the curing 
section where they are kept under water for 28 days 
as previously mentioned. Subsequently they are fitted 
with the hardwood plugs driven by hammer and are 
ready for use. .The blocks and ties are held together 
by split pins in holes drilled to gauge. . The blocks are 
recessed underneath as shown, and. are very stable 


when packed and show no sign of movement on |’ 


curves. The resulting road is also very quiet running. 

We believe we are correct in stating that this pattern 
of block sleeper has not been known to show failure in 
service under normal conditions in. India, while in cases 
of derailment.it. has so successfully withstood the 
conditions that only a few blocks: have had to be 
replaced in circumstances in which the: cast-iron pot 
sleeper would have involved very heavy’ renewal 
expenses. Serious derailments’ have occurred without 
causing damage requiting any renewals of the Stent 
sleeper whatever, excellent. manner in which 
these blocks stand up to heavy blows was demonstrated 
before the Indian Railway Board some time ago under: 
a tup-test. The heaviest cast-iron: plate sleeper in 


‘use in India will break ‘under a 32 owt. tup with a 


10-ft. drop. A Stent ‘block’ will withstand sevéral 
blows from the same tup falling froma height of 
upwards of 10 ft, before cracks appear.. As a result 


sleeper, several. members: of: the; Railway! Board have 
expressed. themselves as: very favourably struck with 
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ithe Stent. block sleeper to be only two-thirds of that 
of’ the ‘standard cast-iron plate with fittings, witli 
advantages also over wood sleepers. 





| New Gurman Moror Vesseus.—The German Vulcan 
ard is at present building several. vessels with a new 
ype of motor constructed at the: yard and of whieh 
high opinions are entertained. -One: boat,/ the Erfurt, 
a eargo boat, of 6,300 tons deadweight, has already been 
delivered fitted with this type of engine, and: there are 
also’ in’ course of construction two earge atid passenger 
liners, with motors of, respeetively, 5,000 and 8,000 h.p. 
Two further cargo boats were ordered, but owing to the 
difficult conditions prevailing, the: work lias, for the 
present, been suspended. The | consumption per ~ 
‘of the engine of the Erfurt is caleulated at 8 tons, includ- 
ing'that used by the auxiliary machinery. ' 
' 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Address by the, President, Sir Joun Dewrance, K.B.E.* 


WHEN the Institution did me the honour of nominating 
me as President, it was just sixty years since I inherited 
the ownership of the firm of engineers that bears my 
name. My father erected the “ Rocket’ for our first 

resident, George Stephenson, assisted at its trials at 
Edgehill, and was afterwards locomotive superintendent 
of the Liverpool and Manchester Railway. The late 
Mr. Edward Woods was the engineer of the line, and he 
had a brother, Joseph, who started as an engineer in 
1835. My father became associated with Joseph Woods, 
and at his death in 1842 changed the title of the firm 
to his own name, which it has borne ever since. My 
father died in 1861 and left me his business. As I have 
been so long associated with the engineering industry, not 
only as @ manufacturer, but as a member of the Manage- 
ment Committee and President of the Federation of 
ageing | Employers, and in various other directions, 
I feel that I can most usefully take as the subject of this 
address a general review of my impressions of the changes 
that have taken place in the past, and forecast, as far as 
possible, the direction such changes will take in the future, 

The very marked improvement in civilisation in the past 
fifty years can be attributed only to the gradual spread 
of knowledge. Some of our present troubles may be due 
to the fact that all knowledge is not beneficial, especially 
when the judgment is not sufficiently trained rte goo 
ciate its relative value. The knowledge acqui by 
working in a factory is generally called practical know- 
ledge. The workman, however, acquires from 
drawing he is given to work to, knowledge that may have 
taken years of patient research and calculation to produce, 
If we were to limit our judgments or decisions to problems 

on the practical ioe obtained in the factory, 
very little would be accompli to-day. It is the 
power of deduction that has enabled this nation to support 
@ population very much greater than at the time when 
this Institution was founded. It is principally the 
engineer who has made possible the support of so dense 
a@ population by improving the means of transport. 
Further improvement will be needed if the population 
continues to grow. 

Engineering establishments in my young days were 
very much more restricted in their operations. The 
shipbuilder, as a rule, built only the hull, and sub- 
contracted for the rest. The engine builder bought his 
castings and frequently the finished forgings, and sub- 
contracted for the boilers. Now we have large concerns 
that from the iron ore, coal, ingot Copper, and imported 
logs, produce the complete ship. The reason for this 
expansion is that it facilitates co-operation and inspection, 
which override the many and obvious disadvantages. 
There is, however, a great deal to be said in favour of 
specialists in the production of parts if they can co- 
operate sufficiently with their purchasers. 

Many engineering establishments» were .started by 
clever saving mechanics, Some broadened their views 
by taking great interest in the education of their young 
employees, and did all they could to advance the interests 
of the industry. There were, howewers some that took 
every possible srpecsenity to introduce irritating and 
unfale conditions caused ever-increasing diffiealtios 
to arise. nats moras am ona and work- 
people has largely regulated ing itions and made 
them more impersonal, Injustice and want of tact must 
be controlled more and more if we are to work together 
wholeheartedly for the benefit of the industry, 

Patenis.—Some of the large concerns of to-day were 
started to work patented inventions, but if we look 
back it is difficult to find very many of these inventions 
that became the standard productions of the industry 
when the monopoly expired. As time goes on and 
thousands of patents are filed in this country and all 
over the world, it becomes increasingly difficult to invent 
anything that has not been foreshadowed in some previous 
publication. During my experience patents have 
gradually become of less importance in mechanical 
engineering than they used to be. 

It has always seemed to me to be unfair that documents 
should be evidence of anticipation: evidence should be 
of prior use, and the extent of that use should be sufficient 
to prevent fravdulent evidence being accepted. The 
object of a patent specification is that when the period 
of the patent monopoly has expired the industry may be 
informed by the ification exactly how to carry out 
the invention that has then become public property. 
If the industry carry out the invention as described by 
the specification of the patent, there is ample evidence 
of use, but in the large proportion of patents the public 
do not want to avail themselves of the privilege. If the 
industry has not exercised its privilege of use, and the 
subsequent inventor has eliminated the defects that 
prevented the previous patent specified from coming into 
use, surely he has goud ground for claiming that he has 
produced a new manner bf manufacture. 

The chief difference between research and invention 
is that when conducted by an association of the industry 
the results belong to the industry, but the rights of a 

tented invention belong temporarily to the patentee. 
The mind of an inventor is liable to lose its freedom in 
designing. A preference is established for those designs 
that may become subject matter for a patent, rather than 
the standards suitable for adoption by the industry. 
The mind of the research worker should be quite free 
from any such restraint, the only object being the best 
possible result suitable for general adoption, and, in some 
cases, standardisation. It is remarkable that when 
fixing standards it is seldom, if ever, the British Engineer- 
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ing Standards Committee, have wished to adopt an 
appliance that has been the subject of a patent. The 
activities of research associations, learned societies, 
technical colleges, and the British Engineering Standards 
Association, will undoubtedly increase and perform a 
great many of the duties that in the past were performed 
by patentees. 

In the Middle Ages the research worker carried on at 
the risk of his life, but although he was probably attempt- 
ing to produce the philosopher’s stone, or the elixir of life, 
he occasionally lighted upon new knowledge of great 
use to his fellow men and gradually laid the foundations 
of the present structure we call science. He was usually 
@ solitary soul that worked alone. There is always a 
tendency to seek solitude when performing absorbing 
work, but the kind! of work that can be done is strictly 
limited. Many research problems require consultation, 
access to complete records, costly and extensive plant, 
and scientific instruments. The recognition of this phase 
is to be found in our latest research institutions where 
there is an organised staff, with departments and build- 
ings comparable in size with factories. 

On July 28, 1915, a Committee of the Privy Council 
for Scientific and Industrial Research was appointed by 
Order in Council, and a little later the Department of 
Scientific and Industrial Research was created as a new 
Department of State for the service of the Committee. 
Under the Order in Council all proposals for research 
expenditure by the Committee of Council stand referred 
to an Advisory Council of scientific men for recommenda- 
tion and report. The committee has published several 
reports which I can strongly recommend as giving a 
most complete survey of the subjects to which they relate. 
The objects of the Department are “the organisation 
ent of tific and industrial research.” 
The method adopted has been to form committees and 
Maes ys | boards of prominent specialists 
in each industry and Government Department who 
recommend researches that are worthy of financial 
assistance. ; 

Industrial Research Associations.—The Institution of 
Electrical Engineers and the British Electrical and Allied 
Manufacturers’ Association in 1920 founded the British 
Electrical and Allied Industries Research Association. 
This association points out that apart from great new 
discoveries, apart from aoe investigations, there 
are great numbers of problems of an importance in the 
mass, which cannot be solved to the sole benefit of any 
single organisation, and consequently no single business 
organisation will take them in hand. 

It is extremely difficult to define the boundaries of 
research. Take, for instance, the production of steel 
tubes. None of the: processes of manufacture — has 
resulted from co-operative research. Many experts 
maintain that the proper way to produce steel tubes 
is to bend round strips of plate and weld the edges. to 
make the tube. On the other hand, large sums of money 
have been expended on experiments to produce tubes 
without welding...Each maker uses a different system, 
and costly experiments are constantly being made to 
enable larger sizes to be produced. Boiler ms will 
in time be made without a longitudinal joint. If this 
is included under the heading of research, it is manifestly 
unsuited to the laboratory and must be conducted in 
factories, Guns, armour, paravanes, iron cast in re- 
volving moulds are among the many similar instances. 

Our Institution has a committee in conjunction with 
the Institution of! Naval Architects to report upon the 
relative performances of marine type internal-combustion 
engines. Almost all the technical colleges have experi- 
mental internal-combustion engines, and many scientists 
have worked on the’subject, but the designs at present in 
use have been developed on the trial and error basis 
of endless experiments. Innumerable examples might 
be given to establish that great care must be exercised 
in deciding the subjects suitable for co-operative research 
and those suitable for drawing office development. 

It would take too long to give a complete list of the 
researches that are in progress—researches that no single 
firm could wisely or successfully carry out. Such 
researches can only be carried out by associations which 
those interested ought to assist in every way possible for 
the benefit of the industry as a whole. It requires a 
broad view, but during my experience the outlook has 
broadened gradually. I have pointed out the extent 
to which associa research has come into existence, 
and suggest that there is a good prospect of further 
development in this direction. Even to-day the real 
value of new knowledge gained by research is not pro- 
perly appreciated. This is probably due to the fact 
that new knowledge comes to us in a form not easily 
understood or applied, and mankind is still to an extent 
prejudiced against change. 

Standardisation,—In reviewing the past of mechanical 
engineering, it is evident that an enormous amount of 
energy and opportunity has been wasted in not havin 

exercised more care in arriving at well-considere 

standards at the earliest possible time. Take railways, 
for instance. Had the British Engineering Standards 
Association been in existence, it might have prevented 
the great “‘ battle of the gauges.” For years narrow- 
gauge stock was built on broad-gauge wheels and axles 
until there came the eventful date when, in an incredibly 
short time, the stock was cleared off the rails and the rails 
closed to 4 ft. 8} in., and the broad gauge was no more. 
But the different railways that adopted the same rail 
gauge did not standardise their inning limit, and we 
have to-day stock that willonly run on certain parts of 
the railway system b the t ls, bridges, &c., 
will not take them. It was probably for financial reasons 
originally that collieries and traders built their own 
wagons to their own ideas. The railway companies have 
now upon a@ standard 12-ton wagon, but with 
the full knowledge that it will not enter many of the 
collieries and factories until they are altered. Again, 








had the Standards Committee existed Sir Joseph Whit. 
worth would not have arrived. at his ard: screw 
threads without more consideration; and this applies 
to thousands of standards of limited application that 
hamper production. 

No one who has not sat upon the committees of the 
British Engineering Standards Association can full 
realise the difficulty caused by the existing practice, 
An instance of this is that at the present time it ig 
necessary to prepare standard pipes flanges for higher 
pressure than 350 Ib. Be square inch. This requires 
greater thickness of the material of the pipe. The 

resent practice is to think of steel steam pipes by the 

re, and if this practice has to. be observed in future 
it will be n to v the present standard outsidg 
diameters, This would involve the necessity of changing 
the rolls for each variation of pressure. The expense of 
doing this would be very great and on small quantities 
peeeeitire: The mandrel can be changed without 

ifficulty. For these reasons it seems to 
preserve the present standard outside diameters and 
vary the bore, that is, adding the extra thickness of 
material on the inside. If the selection is as great as 
at present, it is quite unimportant whether the inside 
or outside sizes are standardised. It is hoped that 
engineers will choose the lesser evil and depart from 
present practice to.meet this new situation. 

The British Engineering Standards Association have 
so far published 190 standard specifications, and it is my 
strong tion to all ical engineers to 
become familiar with these and adopt them in their 
factories, contracts, speciicagions and designs. In 
foreign countries stan isation is making progress, 
not perhaps so much in the direction of standard qualities 
of the materials used. by engineers as the smaller com- 

ment parts. In this country attention has been 

irected more to the former than to the latter, and our 
members might do much to bring about further economy 


in the workshops of the country by surveying the broad 
field of mechanical engineering generally and making 
suggestions to the British Engineering Standards Associa- 


tion for work of standardisation in this direction. The 
great ideal is, of course, to arrive at international 
standards, and this is coming. There is practically such 
a standard for the tubes of oil wells, and efforts are 
being made to get other international standards. 

During the French Revolution the metric system was 
evolved, and all the world was expected to follow. The 
French did not adopt the ea or the pound, but the 
metre, an imaginary part of the distance from Paris to 
the North Pole, which incidentally was incorrectly 
estimated, and the kilogram, a most impracticable 
substitute for the pound weight. This put huge difficulty 
in the way of international standardisation. Whether 
future generations will be able to deal satisfactorily with 
this difficulty I do not intend to discuss. I have not 
introduced this very vexed question controversially, 
but simply to bring before our junior members the 
necessity for studying standardisation in detail,and com- 
prehensively as one of the great problems before our 
industry. It will require all the co-operation, all the 
knowledge and all the patience of which human nature 
is capable to solve this problem, but in the solution is 
great hope of progress. 

Training of Engineers.—Membership of our Institution 
is regarded throughout the world as the hall-mark of a 
mechanical engineer. This has been the result of constant 
consideration by the Council of the whole subject of 
the education and training necessary to qualify for 
membership. The facilities for acquiring an engineering 
education tt gradually increased during the last fifty 
years, but there is still no very general agreement upon 
this important subject. The tendency is for education 
to occupy the whole of youth and to leave no time for 
practical and other training. If a young man takes 
an honours degree in engineering at one of our great 
colleges, he is generally too old to go into the works, 
and he feels that he ought to be earning his living. Some 
of them attempt to overcome this difficulty by working 
part of each long vacation in a factory. It is difficult 
to arrange this without influence, and it is not very 
satisfactory. The Institution examinations should be 
passed at as early an age as convenient, and before the 
student has forgotten his educational subjects. There 
should then be plenty of time left for the practical 
training that enables the engineer to appreciate the 
manner in which the knowledge gained in his educational 
period can be ter 

It should be fully recognised that the result of the best 
education is to teach us how much there is still to learn. 
Unfortunately not all students are equally able or willing 
to acquire knowledge, and it is necessary to stimulate 
and sort them out by examinations, diplomas and 
degrees. It is impossible to avoid a measure of pride 
being felt by the student who takes a degree, but if 
he wishes to succeed in life the feeling should not be 
indulged in for long. Modesty and not pride should be 
the aim and result of education, and a full appreciation 
of the work of others. It is the same with sport, which 
teaches ‘‘ team” work, fair play, loyalty to one’s side 
or school, but great success in sport may result in an 
injurious feeling of pride. 
It is one of the requirements of our corporate member- 
ship that the applicant should have served an apprentice- 
ship. No one disputes the wisdom of this, though there 
are instances when mechanical engineers have attained 
to high positions without. having actually worked in 4 
factory. There is something. more to be learnt in the 
factory than skillin striking a chisel, filing flat, or turning 
to a gauge; these can all be learned at college. There is 
the familiarity with the rhythm of production and the 
need of knowing not only how to do a job, but to do it in 
a given time and to others. It is probable that the 
most important lessons: to be learnt are: To know the 





good qualities of the British working man, and to 
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appreciate his point of view; to realise how tasks are 
subdivided and how interdependent they are; to appre- 
ciate the work of others to obtain an absorbing interest 
in the craft being practised; to feel how small a part one’s 
own exertions play in the general results, but to do full 
duty as a sound cog does in the wheel of a perfect machine. | 

My experience leads me to think that a short time in the | 
drawing office should be the start to enable the apprentice | 
to read a drawing with facility : then in the pattern shop, | 
afterwards the foundry, and, if possible, again in the 
pattern shop when it is realised what a moulder requires | 
of a pattern. The dressing shop is often skipped, but | 
important lessons are to be learnt there, especially if there 
is a steel foundry ; then the lathe—the descendant of the 
potter’s wheel—the most ancient and romantic of machine 
tools. The variety of machine tools depends on the 
product of the factory, and it is often not possible for 
apprentices to work at them all. Fitting and testing 
are most necessary, to be followed by a further period 
in the drawing office, where the apprentice can design 
with the full knowledge of what becomes of the drawing 
and of the great importance of its being well considered, 
clear and understandable when it reaches the factory. 
Such a course should result in a great affection for 
mechanical engineering. I have never met a successful 
mechanical engineer who, having been through the works, 
does not look back on his apprenticeship with the greatest | 
pleasure, and regard it as time wellspent. It has enabled 
him to appreciate the most important bearing of human | 
nature in giving practical effect to his theoretical studies. 

In my opinion, the great hope for industry in the 
future is by increasing co-ordinated work in research, 
standardisation, and mass production. The learned 
societies are gradually drawing together. The educa- 
tional authorities should, as far as possible, do the same. 
This co-operation should not, however, be confined to 
scientific subjects. Employers are now federated among 
themselves, and are co-operating to an ever-increasing 
extent with their workpeople. Voluntary committees 
have greatly increased in number and importance, and | 
are now a recognised factor in great attainments. I have 
known a committee meet to deal with an apparently 
impossible situation. Remarks by one member, not 
perhaps well founded on facts and possibly not specially 
germane to the situation, have stimulated other remarks, 
and the ascertaining of the facts, and a discussion that 
would not read well has gradually resulted in a wise and 
previously unexpected solution. In the past the great 
idea was to endeavour to obtain some form of monopoly, 
either by some process kept secret by a patent or any 
other means. have endeavoured to bring clearly 
before youjhow this is gradually changing. 








WATER TURBINE INVESTIGATIONS. 
Analytical and Experimental Investigations Relating 
to Water Turbines.* 
By Husert Mawson, D.Sc.(Lond.). 
Tue characteristic curves for a centrifugal pump with | 
fixed guide blades satisfy the general equation 
H = AN? +BNQ +CQ 














A, B, and C are constants which can be determined by 
experiment for each particular pump. Further it can be 
proved analytically that two similar pumps of diameters 


D, and D, follow the laws 
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oe H, N and Q are the head in feet, revolutions per | 
mute, and gallons of water per minute, respectively, and | 





Bate etract _of a paper read before Section G of the | 
mitish Association at Liverpool, September 17, 1923. | 
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A water turbine rotating with the guide blades fixed 
in one position acts as a reversed centrifugal pump} and 
under such conditions should obey similar laws to those 
fora pump. The Francis mixed flow reaction turbine at 
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| the University of Liverpool (Fig. 2), which is rated to give 

ot AR 15 b.h.p. at 900 r.p.m. under a head of 60 ft. and can 
be controlled by hand or by the governor (Fig. 1), was 
utilised to verify this law. In these experiments the 
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hand-regulating device was employed to alter the position 
of the guide blades. 

In the first series of experiments constant speed tests 
at 900 r.p.m., 800 r.p.m., 700 r.p.m. and 600 r.p.m. were 
made under a head of 59-7 ft. and the power varied by 
moving the guide blades. The results are shown in 
Fig. 3, and when these are plotted on a gate opening base, 
the points connecting the gallons per minute with the 
gate opening fall on a straight line passing through the 
origin for all these speeds of rotation and for gate open- 
ings varying from one-sixth to full gate. Other experi- 
ments also showed that, except for very small gate open- 
ings, the quantity of water supplied per minute varied 
as the gate opening when the head and revolutions per 
minute are constant. Therefore if the constants A, B 


Fig.3. CONSTANT SPEED FOR A 
HEAD OF 59:7 FEET. VANES 
BY HAND REGULATOR. GOVERNOR 
OPERATING. 
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and C in equation (1) refer to the full gate position, then 


for 1th full gate the equations for two similar turbines 
n 


become 


H, = AD 2N2+ BrQNn , Cn? Q? 
“pn ve (2) 
Hy = AD zne+ BrQN | Cal Qe . 
j Dy D,* 


From constant speed tests at maximum gate the law 
for this turbine was found to be 


106H = 16°05 N2 — 1975 nNQ + 38:05 n2 Q2 
and the agreement between the values calculated from 
this equation and the experimental values for constant 


head curves at various gate openings and revolutions per 
minute is shown in Fig. 3. In addition the following 


series of experimonts showed just as close agreement 








| \CURVES OF J/H & EFFICIENCY 


MIN.FOR 








between the experimental and calculated values : 

(a) Constant vane position curves for different gate 
openings from one-sixth gate to full gate at a head of 
59 ft. and revolutions per minute ranging from 300 to 
1,400 (Fig. 4). 

(6) Guide blades full. open for different constant 
torques applied to the shaft ranging from 14-2 lb.-ft. 
to 93 lb.-ft. with heads from 12 ft. to 60 ft. and revolu- 
tions per minute from 350 to 1,400 (Fig. 5). 

(c) Guide vanes full open with constant heads of 50 ft., 
40 ft., 30 ft. and 20 ft. and revolutions per minute from 
300 to 1,300. 

If similar turbines be defined as turbines made of the 
same material, geometrically similar, and which give 
similar velocity diagrams at corresponding speeds, it 





Fig. 4. CURVES FOR GONSTANT VANE POSITIONS. HEAD 59 FEET. 


being similar in form to the equation for the water horse. 
power (w.h.p.) which can be obtained at once from 
equation (2). 

From equation (3), if suffixes 1 and 2 refer to two 
conditions of the same turbine at the same gate when 
rotating at corresponding speeds 











Ni: 1, Ne Qt Qe 

Ji /He /Hi /H2 
B.H.P; _ B.H.P, 
HiJ/Hi He/H2 





These quantities, which are respectively the speed, 
| quantity per minute, and power under a 1-ft. head, are 
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can be proved by the aid of the velocity diagrams and 
equation (2) that, for similar gate openings, the corre- 
sponding rim speeds vary as JH. Further, under these 
conditions, the loss of power in, and at exit from, the 
runner, and also at the outer surfaces ll vary as N3, the 
efficiency being constant. At co sponding speeds, 
therefore, the following law should hold :— 


Qa 3 /WELP. fo 
ke Daz 
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If experiments prove that the brake horse-power 
varies as N35, or the efficiency is constant at corresponding 
speeds, then the brake horse-power should follow a law 


of the form: B.H.P. = f (Q” N") where p + ¢ = 3 
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and are constant at corresponding speeds. Hence } 
curves at constant gate be plotted with unit speed and 
unit power as axes the history of the turbine is known 
for all variations of head, gallons per minute and brake 
horse-power. . 5 
From equation (3) it follows that the unit speeds ot 
speeds vary 
tities and 


| 
| 
termed the unit speed, unit quantity, and unit power, 
| 
| 
| 


| two similar turbines at corresponding 

| inversely as their diameters, and the unit quan 

| powers as the squares of the diameters. 

| The term specific. speed may be defined as the corre- 
sponding speed at which a similar turbine should rotate 

| to develop 1 b.h.p. under a head of 1 ft. and = 9 

| equation (3) it can be shown that specific speed N; 15 
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NA/B.ELP. | x Unit speed of standard turbine 115 Dp ' 
constant for all similar turbines and is equal to —~_—— | Now the “yt speed of new turbine 92 ~ 10-03? 


Hi 


To test the law of equation (3) curves of Q, H and 
efficiency against N were plotted from the tests at full 
gate with various pa and straight lines radiating 
from the origin were drawn. Each of these lines cuts 
the Q, N curves in a definite ratio of Q to N, and hence 
for such points the turbine is rotating at corresponding 
speeds. The head and efficiency were read off for each 
of these points. The efficiency should remain constant 
if the brake horse-power follows this law, and uf H 
should vary directly as N, if the input conditions satisfy 
the relation. The points shown in Fig. 6 were obtained 


for values of 2 of 2°4, 2, 1°33 and 1-00, which correspond 


N 
with unit speeds Vii of 65, 79,110 and 138. Itis seen 


that »/H varies directly as N and closer agreement would 
be difficult to obtain. The efficiency does not satisfy 
these requirements so closely, but though not constant 


Fig. 9. 
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(1975.1) Guide Vane Positions. 
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does not vary greatly over fairly large ranges of speed 
for cach unit speed. 

The unit speed-unit power curves, together with 
constant efficiency curves are shown in Fig. 7 for each 
sixth of full gate. ‘This turbine has a normal unit speed of 
115, and a maximum unit power of 0-033 which corre- 
spond with a specific speed of 1154/0-033 = 20-9. 
Under a head of 59 ft. the brake horse-power is 
0-033 x 59 /59 = 14°95. The revolutions per minute 
required to develop this brake horse-power are 
20-9 \/595 
=) \— = 880. The diameter of the runner is 104, in. 

/ 14°95 z 

Suppose it is required to use the diagram to find the 
efficiency and output at half gate when the head is 50 ft. 





00 
and the speed 700r.p.m. The unit speed is ean 99. 


Following the ordinate at a unit speed of 99 until it cuts 
the half gate curve No. 3, the efficiency of 69-5 per cent. 
1s obtained, and the unit power is 0:0156. Therefore the 
brake horse-power is 504/50 x 0-0156 = 5-51. 

Further let it be desired to design a similar turbine 
to give 30 b.h.p. under a head of 70 ft, and predict its 
efficiency for various gate openings. 

The revolutions per minute of this turbine are 


Ny = 20:9 705 _ 79, 
/30 
770 


_*) = 92, 


»/70 


Its unit speed is 


and its unit power is 


a A 0-0514. 














therefore the diameter D, is 12-5in. 

The number of gallons per minute required by the 
standard turbine to give a brake horse-power of 14-95 
under a head of 59 ft. with 78 per cent. efficiency, is 


1070 
1,070 and its unit quantityis +> = 139-2 
»/59 


10-032 


Unit quantity of standard turbine = 139°2 
~ er: 


Unit quantity of new turbine a 
J 
Therefore the number of gallons per minute required 
by this turbine is 1,810. The same unit diagram can be 
used to read off any particulars relating to the new 
turbine ian the unit power scale be increased in the 
12°52 


= 1-56, and the unit speed scale in the 








The 


ratio 





10°032 
ratio of 10-03 = 0:80. 
12-5 


The unit speed-unit power diagram is used greatly 





between an alteration of the load and a movement of the 
turbine gates; (6) the closing time which is the time 
taken to close the gates from full load to zero gate ; 
(c) the increase or decrease of pressure in the pipe lines 
following a movement of the gates; (d) the increase or 
decrease of speed of the rotating parts. 

The following analysis enables the above to be studied. 


Let H be the height of the water in the supply reservoir 
above the tail race. 
H! the pressure head forcing the water through 
the turbine at any, particular gate under 
norma] conditions of head. 


Hy the total 1oss of head in friction in the pipes, 
and at any valves under normal conditions 
for this gate. 

Q and V the quantity flowing per second and 
velocity in the pipe lines under normal 
conditions, 

h, hy, q and v the actual quantities corresponding 
to H1, Hy, Q and V for the same gate when 





the load has been removed and the governor 
is moving the vanes. 








se 


Fie. 11. 


onthe Continent andin America. Toset out the diagram 
requires the performance of a large number of tests. 
The fundamental equation (2) can be obtained from three 
tests and will predict everything with respect to the 
input conditions. It will not predict the output, and the 
author has tried equations of the form 


B.H.P. = AN2Q + BN Q?+ CN3, 


the first two terms representing the horse-power supplied 
to the runner and the last the horse-power lost in disc 
friction; but no success resulted, as any law obtained 
from one series of curves did not prove correct when 
applied to another series. As the efficiency at corre- 
sponding speeds from Fig. 6 does not appear to be very 
variable, some law of the form B.H.P. = f(Q? Nz), where 
p + ¢ =3, or some modification of this, should satisfy the 
requirements. If such alaw can be found, then, together 
with equation 2, the whole history of the turbine, and all 
similar turbines would be known by the performance 
of a few tests. 

Speed Regulation—Water turbines are often used to 
drive dynamos and hence a constant speed is required 
for all loads. The governor mechanism in general is 
heavy and the governor has to control a large mass of 
moving water, the sudden retardation of which may cause 
an excessive increase of pressure in the pipe lines. This 
rise of pressure tends to make the turbine rotate under an 
increased head, and therefore at a higher speed. Hence 
the design of the governor to satisfy these conditions 
and keep both the speed of the turbine and the pressure 
in the pipe lines within reasonable limits is nearly as 
important as the design of the turbine itself. The main 
considerations to be taken into account are: (@) The 








dead time of the governor, which is the time that elapses 





ha the increase of pressuro head due to retardation 
of the water. 
1 length of pipe lines, 


H = H! + Hp . . ° - (4) 


q vw Va 
@.v. van: ° ° ° - (5) 
h v2 
i ~ 7? . . ° - (6) 
Kank = py, SEM 
=H (G-1)=- Ede | @) 
va gat 


If the vanes instead of moving gradually be assumed 
to move instantly through a very small distance and then 
remain in this position for a small interval of time 6¢, 
which is the same as that taken for a gradual movement 
to this position, then if v, is the velocity at the end ol 
the interval, 

nav +508”. ° F - (9) 
dt; 

Since v1 is known, qi is known, and the power supplied 
to the turbine is E = 10.9,h ft.-lb. per second. Knowing 


the initial speed Np at this gate, the unit speed No can 
N 
be caleulated, and from the unit speed-unit power curve, 
the efficiency e at this, unit speed and gate is obtained. 
By this means all tho variations of head, speed and gate 
can be taken into account. , 
The power at the shaft is ¢ E, and if the governor 
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mechanism requires R ft.-lb. per second to operate it, 
the excess energy creating a rise of speed is (e E — R). 

If I is the moment of inertia of the rotating parts, 
wo and No the initial angular velocity and revolutions per 
minute, respectively, at this gate, the kinetic energy 
(K.E.) of the revolving parts is 


4 Lwo? = a No? 
q(KE) oan, eee sR 
dt dt 


ie TR Sak. . (10) 
dt 2a No 
The final speed is 
5 ‘ dNo 
Ni = No + bt Ms . ° (11) 


This method of analysis breaks down for very small 
gate openings when the efficiency becomes negative and 
can no longer be read from the unit speed-unit power 


Fiy.?2. 

















position and when the current was broken allowed the 
pendulum to oscillate. The other E controlled a pen 
which made a mark on an endless band of paper wrapped 
rovod a small drum F, which was rotated by a small 
electric motor. An indicator I replaced the pressure 
gauge in the pipe and recorded pressures on this band of 
paper. The connections through the brake are shown, 
and when the circuit was made at K the current flowed 
through PQLMNDEC back to K. The two pens 
were brought into contact with their drums and the 
pendulum held inthe dotted position by the insulated 
cup on D. When LM was cut, the brake load fell, the 
circuit was broken, all the pens were lifted from their 
respective drums, the cup holding the pendulum fell, 
and the pendulum commenced vibrating. At the centre 
of its swing it passed through a mercury bulb, remaking 
the circuit by way of PQUVWNDECK, which 
brought the pens momentarily into contact with their 
drums, giving a good time record when the periodic 








time of the pendulum was known. Coupled to the same 


WATER SUPPLY PRESSURE , PISTON DISPLACEMENT, INDICATOR DIAGRAMS. 
Ordinate Scode- Inch to 36 Lbs. per Square Inch. a 


EXPERIMENT NOF, # 











TaBLeE II. 

6 Initial sa Maximum Maximum 
4% | Conditions. c s Head, Ft. R.P. 
“ Ba | Ea 
=| =8 lod = aS 
o As = ° s so . 
aie. 18 EF | es | sy g| 38 | ¢ 
S) a |e) S188 las Sel ae| 81S | s 

| = g ie 
gE lagi" |e |gelee| ays | 3 
ont o Os|o aj}ols 
1 |56-3) 825/78-3 | 1-27) 4-20) 63-9) 68-9) 62-8) 1,020) 1,055 
2 (58-0) 887/82-0 | 1-02) 3-75) 66-6! 71-9) 67-7) 1,060) 1,030 
4 |58-0} 845/80-0 | 0-70) 2-47) 70-8) 75-8} 76-2) 972) 980 
5 |59-1) 883/77-0 | 0-32) 1-62) 75-5) 80-4) 80-5) 960) 965 




















connection as the indicator I was another indicator on 
whose drum a record of the pressure against gate move- 
ment was obtained (Fig. 12). 

The results are shown in Table I. 


EXPERIMENT N25. * 
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sae ee ” From the results given it is seen that the revolutions 
3 3 BA per minute, when the turbine settles down, may be much 
§ 1000 5 Re below the maximum speed attained, and that, for close 
te regulation of speed, it is a distinct advantage to allow 
the gates freedom to overrun the final settling down 
ane. position. In experiment No, 3 the governor mechanism 
was not free, and was found to require cleaning and 
~ 3000 lubricating. Experiments Nos, 4 and’5 demonstrate that, 
without the cushioning effect of a dashpot, the turbine 
2 would race. In Fig. 13 the variations of pressure _and 
OW 975.6 revolutions per minute with time for experiment No. 4 
& as obtained by experiment, and by the method of cal. 
diagram. In this condition the runner is doing work | TABLE I. culation outlined, are shown. During the first 1-25 


upon the water, the speed is decreasing and all the power 
supplied to the wheel is Jost in shock and friction. This 
power may be taken to vary as N3, 
necessary to rotate the runner at any small gate and speed 
is known, then the curves showing the water horse-power 
necessary to rotate it at different speeds at these gate 
openings can be drawn. 

Let E; represent this power required for the speed at 
any small gate. 


Thee aN, _ E-(E +R) 


dt 2aNo 

Before any calculations could be made it was necessary 
to obtain the power required to drive the governor 
mechanism, and for this purpose a series of brake horse- 
power tests under a head of 59-7 ft. at 888 r.p.m., with 
and without the governor control were made (Figs. 
8and9). The brake horse-power fell from 15-4 to 14-4, 
the efficiency from 78 per cent. to 71 per cent. owing to 
the power required by the governor. The water horse- 
power to work the governor is nearly constant at 2-2 and 
the water horse-power is the same for any gate whether 
the governor operate: of not. The brake horse-power 
required by the mechanism is nearly constant at 1-9, 
a constant supply of power of 1,040 ft.-lb. per second 
being taken from the shaft. 

The following apparatus shown in Fig. 10, and also 
seen in Fig. 11, was used to measure the variations of 
pressure in the pipe lines, and the speed of the turbine 
when the load is removed, and the governor operates. 
To the turbine shaft a worm A was fixed, and this geared 
with a spur wheel to which a drum B was attached. On 
the planed surface of a table a slide was constrained to 
move backwards and forwards parallel to the axis of the 
drum, and was operated by a hand wheel which turned 
onascrew. The slide carried an electricaily-maintained 


tuning fork and an electromagnet C, which, when excited, 
attracted a pen to the paper on the drum. Two other 
electromagnets were placed in the same circuit as C, 
the first D, when excited, held a pendulum at its outermost 


If the power | 


| 
| 
| 
| 
| 
| 
















No. of Experiment. 
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} 
| uae Le 
si, ls | 2 | 3. | 4 5 
Initial Conditions. | 
Diameter of pipe, in. | 10 | 10 | 10 | 10 | 10.-| 
Length of pipe, ft. ..| 170 | 170 | 170 | 170 | 170 | 
Moment of inertia of fly- | 
wheel, Df. |] 7-31 | 7-81 | 7-31 | 7-81 | 7-81 
q 
Revolutions per minute 825 887 874 845 883 
Head, ft. .. % -|56-3 (58-0 |57-2 |58-0 |59-1 
Gallons per minute .| 868 917 980 880 833 | 
Brake horse-power. . «/11-4 |12-6 |18-3 |11-96 |11-45 | 
Efficiency om ..| 0-768) 0-78 | 0-78 | 0-773) 0-768 
Per cent. gate ne ../78°3 |82-0 |90-0 (80-0 |77-0 
Loss in pipe lines, ft. --| 590 5-3 5-3 5-0 4-9 
Position of dashpot valve | just tojuching| seat | lifted | lifted 
on governor a's in. | ys in, 
from | from 
seat | seat 
Results. | 
Dead time, seconds ..| 1-278] 0-961] 0-842) 0-343! 0-315 
Maximum rise of pressure, | 
ft. aa ar oe} 6°5 9-7 | 5-7 |18°2 421-4 
Maximum fall of pressure, | | 
. ¥ ri eof fom fice. [Usd frees 
Maximum rise of speed, per | | 
cent, ye Ps ../28-4 (16-1 (22:8 |16-0 | 8-2 | 
Increase of speed when | | | | } 
turbine settled down, per | | | 
cent. ul Fs -.| 8-0 | 2-0 |15-6 |G@id nojtsettle | 
Time to reach maximum | | | do|wn 
speed, seconds .. --{ 5-0 | 5-0 | 4-0 | 2-5 "1-0 } 
&8-0 \« 6-2 | 
Time to settle down, secs. 16 16 14 = -- 
Minimum gate, per cent. ../ 11 | 17 |didnot) — | ae | 
| | over- } | 
run 
Final per cent. gate . .| 26 25 26 — — | 
| | 








| uniformly as in the other experiments, 
| time could not be obtained so accurately. 























seconds the energy supplied increases from 8,500 ft.-Ib. 
to 9,200 ft.-lb. per second, the first effect of moving the 
vanes being to increase the head, and make the turbine 
run at a still higher speed. ; 

The following approximate method may be sufficiently 
accurate for practical purposes to estimate the maximum 
increase of speed and pressure: Let ¢ be the dead time 
and ¢ + ¢, the closing time, Fig. 14. Experiments show 
that during the dead time the efficiency is nearly constant, 
and at the end of this period the gates close at a fairly 
uniform rate, both the quantity of water per second, 
and the power to the shaft decreasing uniformly. Hence 
if H1 is the initial head at the turbine, and E; the energy 
supplied at time ¢ l v 
E, = ch g 4 
E Hi 

The points C’ and C are obtained since the energy to 
the shaft is e E,. ae 

If from the curve of power supplied to the shaft, E F G 
is drawn to represent the power taken to work the 
governor, the surplus energy available for creating increase 
of speed is shown by the shaded area A BCF E, and at 
F the maximum speed occurs. 

AreaA BCFE = }aI1(N;? — N2) 
From this relation the maximum revolutions per minute 





| Ny, can be calculated, and the results of applying this 
| method are shown in Table IJ, the uniform closure being 


assumed in each case to be similar to that shown by the 
dotted line on Fig. 13. : 

In tests Nos. 1 and 2 the gates did not close so 
and the closing 
When the 


initial conditions, the dead time and the closing time, 


| are known this method enables approximate values to 


be obtained quickly. : 

In conclusion the author wishes to acknowledge — 
help given with the experiments by E. B. Cole, B.Sc. 
and J. C. Pinto, B.Eng. 
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enough, though where level or over-compounding is 
necessary the desired result can be obtained by the use 
of an induetion regulator with thé pressure automatically 
controlled by means of a Brown-Boveri pressure regulator. 
| Any degree of pressure control on the direct current side 
can be given both by tappings on the high tension sido 
| of the transformer and according to the capacity of the 


CONVERSION FROM ALTERNATING TO 
DIRECT CURRENT BY MEANS 
MERCURY-ARC RECTIFIERS.* 

By R. L. Morrison, A.M.I.E.E. 


(Concluded from page 510.) induction regulator chosen. — 
Regulation : Parallel Operation.—The rectifier proper | _ The usual requirements with regard to parallel opera- 
has no regulating properties apart from its transformer tion apply also to the rectifier, namely, that the character- 
istics of the sets operating in parallel must be approxi- 


















































200 . mately similar. The rectifier requires no additional 
43, auxiliary gear to enable it to parallel correctly with other 
ys P y 
| converters. 
| Where, however, two or more rectifiers are fed from 
150 | One main transformer paralleling reactance coils are 
connected in the anode cireuits to ensure that each 
8 | rectifier takes its proper share of ‘the load. Such a 
3d combination would constitute a single set and be equiva- 
S, , 
M4 \ Fi co EFFICIENCY ’ 
x ! awl ! C 5 
sa ~ 
o 10 20 30° #0 50 60 
(a033.M.) Minutes 
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and reactance coils. The'simplest combination that can | lent to a rotary converter of like capacity. Separate | 
be provided has a shunt characteristic, the regulation | panels control each rectifier, these containing the whole 
ing close and in accordance with the indications just | of the low-tension alternating current and direct current 
given. For all ordinary purposes this regulation is close gear, and form a very compact arrangement. A set of 
Py this description provides a very definite factor of safety, 
. * A paper read before Section G of the British Associa- | for, should one rectifier fail for any reason, the others 
tion at Liverpool, September 19, 1925. |are always available, thus preventing a total shut down. 





Overload Capacity.—As in the case of all other plants, 
the rectifier can be given any desired overload capacity 
depending upon the continuous current rating taken 


FigJ9.COMPARA TIVE-LOSS CURVES FOR RAILWAY LOAD. 
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for any particular cylinder. 
based upon a 25 per cent. overload for 30 minutes and 
100 per cent. momentarily. Actually, where necessary, 
the latter figure can be several hundred per cent., such as 
under traction conditions where the average load is 
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below full load, It is the very high momentary over- | 
loads that the rectifier can deal with that make it pre- | 
eminently suited to such conditions, and in consequence | 
rather smaller normally rated sets can be employed than | 
would obtain if, for instance, rotary converters were | 
used. Traction rotaries must necessarily be amply | 
rated, otherwise trouble will be experienced under very 

heavy overload or short-circuit conditions. Such condi- | 
tions are very quietly handled by the rectifier—in fact, | 
one is not aware of their existence except for the readings | 
on the instruments and the breakers tripping. | 

The permissible overload capacities of the Brown- 
Boveri rectifiers can be obtained from the curve shown | 
in Fig. 13. The superiority of this form of converter 
for heavy short period overloads is undeniable. As an | 
example of the short-circuit current one of the high- 
tension types is capable of dealing with, reference may 
be made to the record shown in Fig, 14. When this was 
taken, the direct-current working pressure was 1,800 volts, 
the normal current rating of the rectifier being 400 amps. | 
It will be seen that the current reached 8,700 amps, 
before the switch cleared, or about 22 times the normal | 
current, Such momentary currents have no effect on | 
the rectifier which can be switched in again immediately 
afterwards, At the time these tests were made, sixty 
similar short-circuits were applied in two days. The 
rectifier was then opened up and thoroughly examined 
but was found to be in precisely the same condition as 
when sealed up prior *o the tests. 

Three-wire Systems.—Due to the impossibility of 
dividing the pressure on three-wire systems, without 
adopting the expensive and inefficient method of connect- 
ing a rectifier on each side between outer and neutral, 
it is preferable to connect directly across the outers and 
utilise a battery or other form of balancer to deal with 
the out of balance currents. Where the higher direct- 
current pressures of 3,000 volts for three-wire traction 
are concerned, the connection would naturally be 
between outer and neutral. 

Efficiency and Power Factor.—Apart from general con- 
siderations, it is the efficiency of the rectifier that is its | 
chief electrical characteristic. This remains approxi- | 
mately constant at all loads, but to obtain the true | 


commercial efficiency we must include all losses between | “ 
the high-tension terminals of the transformer and the | Fig. 22. Two Reotirrer Sets at BATTERSEA. A 
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direct current bus-bars. The various losses are those 
Cccurring in the transformer, excitation, vacuum pump, 
and reactance coils. The constant efficiency of the 
rectifier proper is due to the drop in the arc being approxi- 
mately constant under all load and pressure conditions. 
This drop varies roughly between 18 and 23 volts accord- 
ing to size, and is influenced by the vacuum to which 
it is directly proportional. Having regard to the work- 
ing limits of vacua that must be maintained, the figures 
indicated are sufficiently near for all practical purposes. 
The actual amount of watts dissipated therefore is simply 
the total drop multiplied by the current for any particular 
load, which gives a constant efficiency under all conditions. 
Thus when operating at 500 volts D.C. the efficiency of 
the rectifier, assuming the largest type, is represented by 
500 
500+ 23 = 95-5 per cent. 





At 1,500 volts there is a considerable improvement, the | 


1,000-kw. RectiFIeR SET at ZURICH. 


figure being 98°4 per cent. These indications show that 
the higher the direct current pressure the better will be 
the efficiency. 

Of course the figures here given are reduced somewhat 
when the losses occurring in the transformers and 
auxiliaries are added, while furthermore, due to the 
variable losses in the transformers, the curves of overall 
efficiency are not horizontal straight lines but curve 
downwards as would naturally be expected. At the same 
time, it is interesting to note that the overall efficiency 
curves are very much flatter than the usual, giving figures 
that are often slightly better at half than at full load and 
only a little lower at quarter load. 

In Fig. 15 are given a series of typical efficiency curves 
and for purposes of comparison those pertaining to rotary 
converters of equivalent size are also included. The latter 
are plotted from actual test figures obtained from various 
sources. The advantage of the rectifier, particularly for 
certain classes of load, is very marked. To those con- 





cerned with main line electrification, the curves at 1,500 
volts are of special interest, while they clearly illustrate 
the improvement that results as the direct current 
pressure is increased. 

Early in 1919, a three-cylinder equipment rated at 
800-kw. 580-volts direct current. was installed at Berne 
for the local tramway system. The test results obtained 
on this set are given in Fig. 16 for one, two and three 
cylinders. All losses are included, the curves I, II and 
IIT representing efficiency, power factor and regulation 
respectively. The best results are naturally with the 
three cylinders working together, the highest efficiency 
touched being 95°5 per cent., which is some 2 per cent. 
higher than was guaranteed. It will be seen that the 
fon factor varies roughly between 93 per cent. and 

5 per cent. and is what can generally be expected from 
similar plants. Curve III shows a drop of about 10 

r cent. and is what the plant was specially designed 
or to enable it to run in parallel with some old motor 
generator sets located in the same sub-station. It was 
shown earlier that very much closer regulation than 
this can be given. The class of load dealt with by this 
sa sue plant can be gathered from the section of a 

aily load chart shown in Fig. 17. 

Reference has already been made to the high-tension 
plants installed for the Midi Railway of France. _There 
are in all 16 sets rated at 1,200 kw. each, the direct 
current working pressure being 1,575 volts at full load. 
The various figures obtained on test at the works are 
shown plotted in Fig. 18. It will be seen that the 
efficiency varies from about 93°2 per cent. at quarter 
load to 95 = cent. at 50 per cent. overload. The 

teed figures were 92 per cent. and 95 per cent. 
respectively under the two load conditions, The power 
factor on overload was 96°5 per cent., at half | 90°5 
per cent. and at quarter load 80°5 per cent. This latter 
figure is lower than that usually obtained, and is due 
to these particular plants being arranged for the 12-phase 
connection, which necessitates a more complicated 
arrangement of choking coils. The usual figures one 
can expect between full and quarter load are about 
95 and 90 per cent. The regulation curve is also very 
interesting—at very low loads of about 100 amps. 
(direct current) with a primary pressure of 7,800 volts 
the direct current pressure was 1,680 volts, while at 
full load (about 790 amps.) it was 1,598 volts, the primary 
pressure being 7,650 volts. By making the necessary 
correction for a constant prim pressure of 7,800 
volts we obtain an inherent regulation of approximately 
3 per cent. ; 

As regards overload capacity, the requirements were 
50 per cent. for two hours and 200 per cent. for five 
minutes. These were easily obtainable without practi- 
coy. any perceptible additional heating, the temperature 
of the anode plate never exceeding 36 deg. C, To demon- 
strate the capacity of the plant to withstand short 
circuits ten were applied at one minute intervals. These 
were also easily carried without having any effect what- 
ever on the rectifiers. 

To illustrate what the superiority of the rectifier 
efficiency really means, a typical case has been taken and 
the annual saving effected worked out on the basis 
of the daily load curve. The 1,200-kw. 1,575-volt sets, 
already referred to, have been taken by way of example 
and the losses plotted in Fig. 19 for an actual railway 
load, the rectifiers and rotary converters both being of 
Brown-Boveri manufacture and designed for a 50-cycle 
supply. The difference in the losses for the two sets 
is represented by the space between the two upper 
curves, and if this is averaged out over 18 working 
hours it will be found that the losses for the rotary con- 
verter exceed those for the rectifier by about 650 kw. 
hours, representing an annual loss of some 237,000 kw. 
hours, which when capitalised amounts to a large sum. 

At this point, a word or two might be said relative to 
the tests made on high tension rectifiers. The first test 
on one of the new types was made at 2,500 volts direct 
current with a current of 450 amps., which represents 
1,125 kw., that is in a single cylinder. The pressure 
was then raised to 3,500 volts and the current reduced 
to 350 amps., which represents 1,225 kw., and finally 
it was increased to 5,400 volts and a current of 300 
amps., or 1,620 kw. The rectifier was run for some 
considerable time at each of the voltages referred to, 
though, in the last case, only about twenty-four hours 
working was possible due to the transformer eventually 
breaking down as a result of the frequent short circuits 
that took place in the external water resistance used as 
load which had not been designed for dealing with such 
high pressures. The results are worthy of consideration, 
and as direct current motors for terminal pressures of 
2,000 volts can be built to operate perfectly satisfactorily 
there is no reason why direct current main line electri- 
fication pressures should not be pushed up to 4,000 volts. 
Furthermore, the design of switchgear to meet such con- 
ditions no longer presents difficulties.. A rectifier specially 
designed for high pressure conditions is shown in Fig. 20 
with the upper portion lifted to show the interior con- 
struction and the long arc guides provided. 

General.—The floor space usually occupied by rectifier 
plant is comparable with that required for rotary con- 
verters for direct current pressures up to about 600 volts, 
but where higher pressures are concerned it is invariably 
less. In Fig. 21 we have the lay-out of the Pau sub- 
station on the Midi Railway. In this case there are 
three 1,200 kw. units at 1,575 volts installed, making a 
very compact arrangement. A feature of importance is 
that no foundations in the ordinary way are required, 
the only consideration in this respect Leing that the 
floor be level and strengthened sufficiently to take the 
weights. As the plant is stationary one obtains all the 
advantages accruing from such a condition. 

Rectifier plants consist for the rest of transformers and 
gear with which we are all acquainted, the maintenance 
of which by virtue of its nature is almost negligible 
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The same can also be said for the rectifier proper 
because the arc is operating in a chamber from which 
the air has been completely exhausted, and consequently 
there is no deterioration of either anodes or mercury. 
Generally speaking the only replacements that may 
occasionally be necessary are insulators and washers 
that have been accidentally damaged, and even such con- 
tingencies are extremely rare. The ignition converter is 
only in use for a few seconds at a time, while the vacuum 
pump is of very simple construction and rarely a source 
of trouble. 

In the matter of attendance the rectifier certainly 
does score. After the gases have been completely ex- 
tracted from the cylinders there is no reason why the 
attendance should not be withdrawn provided the system 
is not one subject to frequent short-circuits such as is 
characteristic of traction supply. In such circumstances if 
it is desired to withdraw the regular attendance it is advis- 
able to arrange the plant for automatic control, which 
latter has been very highly developed and tried with 
complete success. It is a matter that is easier of solu- 
tion with the rectifier than with any other form of con- 
verter, and, in consequence, the number of relays required 
is very few.. Many of these automatic sets are now at 
work, while the Birmingham Corporation at trifling cost 
themselves applied automatic control to the 225 kw. set 
they have had at work since June, 1921. This enables 
them to control it from another sub-station through 
pilot wires, in consequence of which it is left quite un- 
attended. The time taken for the automatic features 
to function and get the set on to the bus-bars from 
standstill is about 10 seconds which includes running the 
ignition converter up to speed. 

Stated very briefly the following are the main advant- 
ages obtained by the use of this class of plant :— 

(1) Efficiency high over the whole working range. 

(2) Simple operation and attention a minimum, 

(3) No ayndhiedataitiy. 

(4) Very high momentary overload capacity and in- 
sensibility to short circuits. 

(5) Negligible maintenance. 

(6) Low weight. No special foundations. 

(7) Noiseless and vibrationless operation, consequently 
rectifier sub-stations can be erected in densely populated 
localities. 

(8) New sub-stations need only be of-slight construc- 
tion. In many cases old houses can be converted, while 
the plant can often be erected in places that. could not 
be considered for rotating machinery. For instance, a 
240 kw. set complete is erected in the basement of the 
North Metropolitan Company’s show room at St. Albans. 

The number of plants equipped with rectifiers up till 
the end of June, 1923, was 192 comprising 396 cylinders 
with an aggregate capacity of 104,500 kw. In_ this 
country there are a number of equipments in operation. 
Among the chief might be mentioned :—Glasgow, 1,400 
kw.; St. Pancras, two at 900 kw.; Battersea, two at 
415 kw.; and Birmingham, Liverpool, Wolverhampton, 
Hertford and St. Albans, all about 230 kw. each. 

Among the more recent orders might be mentioned 
one from the London Midland and Scottish Railway 
for two 500 kw. sets to operate at 2,300 volts direct 
current. These will be the first high-tension rectifiers 
to be installed in this country. 

The two sets at Battersea are shown in Fig. 22 and in 
Fig. 23 those at St. Pancras are illustrated. The direct 
current controlling panels are seen in the background 
and the transformers, with induction regulator for voltage 
control, are in the basement below. A photograph of the 
1,000 kw. set at Zurich, Switzerland, is reproduced in. 
Fig. 24; it will be noted that the direct-current switch 

is mounted in neatly designed concrete cubicles 
which are tile lined. 

In the future it will probably be to such a plant as the 
rectifier that we shall look for the solution of our conver- 
sion problems. Though rotating machinery used for 
the same purpose has been brought to a very high state 
of perfection, yet it is admitted by those concerned 
with the operation of such plant that something simpler 
is desirable and something which will materially reduce 
attendance and maintenance charges. This need can 
only be adequately fulfilled by a stationary plant, and it 
can now be said without hesitation that we have the 
solution in the high power mercury arc rectifier. 

The author desires to express his acknowledgments 
and thanks to Messrs. Brown, Boveri and Co., and to his 
firm, Messrs. Power-Rectifiers, Limited, for the valuable 
data and drawings placed at his disposal upon which 
this paper has been based. 





Ionic AND THERMIONIC VALVES.—A course of six lec- 
tures on Ionic and Thermionic Valves will be delivered at 
University College, by Professor J. A. Fleming, F.R.S., at 
5 p.m., and began on Wednesday last, the 24th inst. The 
course is open both to members and non-members of 
London University. The fee is 1/. lls. 6d. Applications 
for tickets should. b> made to Mr. W. W. Setton, 
University College, Gower-street, W.C, 1. 

Gypsum Derosit in Ontario.:—One of the most 
important gypsum beds in the world, says The Canadian 
Engineer, has been discovered by an Ontario prospector. 
The deposit extends for 1 mile along a small river 
tributary to the Moose, 12 miles from the Temiskaming 
and Northern Ontario Railway extension, half-way north 
of Cochrane and James Bay. The deposit runs inland 
from the uncharted river some 10 miles and is 40 ft. 
deep at the river edge, where the outcropping can be 
seen. Analyses have shown that the gypsum is 99-8 
per cent. pure over the entire bed. It is rivalled both 
in extent and commercial purity only by one other 
gypsum. deposit in the world, that one being in Australia. 
Every facility will be given to enable the finder to proceed 
with the working of the material. 





ROYAL METEROLOGICAL SOCIETY. 


THE opening meeting of this society for the present 
session was held on Wednesday, the 17th inst., at 49 
Cromwell-road, South Kensington, Dr. C. Chree, F.R.S., 
president, in the chair. 

The following paper was brought forward for dis- 
cussion: “ Towards a Basis of Meteorological Theory : 
Thirty-Nine Articles of Condition for the Middle Atmo- 
sphere,” by Sir Napier Shaw, F.R.S., and Mr. D. Brunt, 
M.A. In view of the importance of valid assumption 
in meteorology the authors had set out certain pro- 
positions which they had found it desirable to adopt 
as a basis for the discussion of the atmospheric processes 
operating in the middle layers of the atmosphere. The 
propositions number 39, some of them were easily 
verifiable, others were frankly disputable. The authors 
invited criticism of the propositions by any one who was 
so disposed, but pointed out the danger of implying 
that facts must be wrongly presented because they 
conflicted with theory unless the theory was established 
beyond dispute, which was seldom the case in meteoro- 
logy. The propositions referred to the ** middle layers ” 
of the atmosphere, or those from 4 km. to 8 km, above 
mean sea level, that is, the region lying above the effects 
of the friction of the earth’s surface and below the 
stratosphere. Owing to the normal increase of potential 
temperature with height the middle atmosphere was 
possessed of resilience and might be regarded as made up 
of separate aerospheres or horizontal layers which were 
thermally, and therefore dynamically, distinct. Air 
would not pass from one aerosphere to another without 
some internal source of energy, but there was no resilience 
for horizontal motion within an aerosphere. The 39 
propositions were briefly set out, but attention was 
concentrated in the present paper on the first 10. That 
a wide field for discussion was opened by the presentation 
of the pfpositions was evident from quotation of No. 6 
as an example: “‘ The chief effective cause of the general 
circulation between the equator and the poles and 
the correlated circulation round the poles is the cooling 
of the slopes and plateaux of high land in the polar 
regions.” 





CATALOGUES. 


Building Block Machines.—Messrs. Rosa, Cometta and 
Co., Milan, have sent us a catalogue of their machines 
for moulding building blocks with various forms of outer 
surfaces. 


Boiler Tube Expander.—A descriptive catalogue of 
a roller tool with automatic feed for expanding the ends 
of boiler tubes is to hand from Mr. O. N. Beck, 11, 
Queen Victoria-street, London, E.C. 4. 


Roofing Material.—Messrs. D. Anderson and Sons, 
Limited, Stretford, Manchester, have issued a new 
catalogue illustrating many large buildings roofed with 
the ‘“‘ Rok ” material recently mentioned in this column. 


Switch Cut-Out.—The British Insulated and Helsby 
Cables, Limited, Prescot, Lancs., have issued a new 
catalogue of their mistake-proof switch cut-out for 
circuits up to 25 amperes and at 250 volts, with an 
additional list relating to circuits up to 500 volts. 


Name Plates, &c.—A catalogue of name plates, labels, 
stencil plates, medals, memorial tablets, &c., in various 
metals, produced by the casting, stamping and etching 
processes and also of engraved steel punches and brands, 
is to hand from Mr. William York, Old Meeting-street, 
Birmingham. 


Graphite for Lubrication.—A 
mixing with lubricating oil is 


b comer tei preparation for 
escribed in a four-page 
circular received from Messrs. J. Sherman and Co., 
Limited, Chesnut-road, Tottenham, London, N. 17. 
The graphite particles are reduced to a state of extremely 
minute sub-division. 


Ventilation.—In our recent notice (page 161, ante), of 
the Ozonair system of ventilating the underground 
railways of London we omitted to state that the fans and 
motors installed in 1911 were made respectively by 
Messrs, Davidson and Co., Limited, Belfast, and by The 
British Thomson-Houston Company, Limited, Rugby. 


Chain Drive.—The drive of a large rotary printing 
machine by electric motor and rocker chain transmission 
is illustrated and described in a circular received from the 
Westinghouse Morse Chain Company, Limited, Letch- 
worth, Herts. A shearing pin safety device for machines, 
such as beaters, liable to sudden jamming is also shown. 


Pipe Supports.—A cataloge of supports for pipe lines 
is to hand from Messrs. Foster’ Brothers, Wednesbury. 
It deals with frames of bracket, stanchion, pillar, anchor 
and other types with pipe seatings of clip, roller, chair, 
and other forms. Some of the supports are adjustable 
laterally and vertically, and the designs cover all standard 
requirements. 


Electric Lamps.—We have received a copy of the 
export catalogue of Osram lamps from the General 
Electric Company, Limited, Kingsway, London, W.C. 2. 
The catalogue gives in concise and clear form all the 
particulars, other than prices, required by buyers abroad. 
Heating, or radiator, lamps are dealt with as well as 
amps for illumination purposes. 


Fire Extinguishing Fittings—A priced catalogue of 
power and hand pumps and the necessary hose and pipe 
fittings for public and other fire brigades is to hand from 
Messrs. Hayward, Tyler and Co., Limited, 99, Queen 
Victoria-street, London, E.C. 4. The catalogue deals 
with street boxes, stand pipes, wall cases, canvas, rubber 
and leather hose, and hand pumps for emergency use. 


Water Softening—Two catalogues received from 





United Water Softeners, Limited, Imperial House, 
Kingsway, London, W.C., deal with the methods 
employed and the plant and instruments required for | 
softening water for boiler feed and for general and ~ 
industrial use. One of the catalogues relates to the 
Lassen-Hjort process and the other to the Permutit | 
process, both of which are now familiar to most engineers, 


Cables.—A comprehensive catalogue of paper-insulated 
cables is to hand from Messrs. Siemens Brothers and Co., 
Limited, Woolwich, London, 8.E. 18. The conductors ~ 
are covered with oiled paper strip spirally wound, — 
and the whole sheathed in lead tubing to which wire © 
or strip armouring can be added if required. The cables — 
are all in conformity with the latest specification of the | 
Engineering Standards Committee. 5 


Venturi Meter—The British Pitometer Company, 
Limited, 39, Victoria-street, London, S.W. 1, have sent © 
us a catalogue of their meter, which is made by Messrs, 
Glenfield and Kennedy, Limited, Kilmarnock, describing 
its application to the measurement of ordinary, hot- 
water and sewage flows by means of indicating and 
recording instruments. The catalogue briefly describes 
the theory of the meter and the practical arrangements 
required to ensure accuracy. 


Turbine Pumps.—The catalogue of ‘“‘ Sunturbo ” 
pumps issued by Messrs. J. Stone and Co., Limited, 
Deptford, London, 8.E.14, contains some useful reading 
matter on the theory of the centrifugal pump and the 
various applications which have marked its development, 
together with some tables of technical data and diagrams, 
Many examples of pumps made by Messrs. Stone are 
illustrated including some for handling hot dye liquid, 
house service, boiler feeding, coal washing, &c. An 
eight-stage mine pump and a sinking pump with vertical 
shaft are also shown. The instructions for erecting and 
running the pumps included in the catalogue will doubtless 
be appreciated by engineers responsible for these parts of 
the work. 


Steam Engines.—A catalogue of horizontal and vertical 
steam engines for medium working pressures (60 Ib. to 
100 lb. per square inch), with a variety of boilers for 
supplying them with steam has come to hand from 
Messrs. Marshall, Sons and Co., Limited, Gainsborough, 
A table of standard sizes included shows that the effective 
horse-powers developed range from 3 to 27 at 60 lb. per 
square inch; 4} to 36 at 80 lb. per square inch, and 
5 to 42 at 100 Ib. per square inch, from the same series 
of engines. The outputs mentioned are the most 
economical working loads, but all sizes will carry a 
considerable overload. A portable set, including an 
engine and vertical boiler, mounted on a four-wheel 
truck is also shown in four sizes giving effective horse- 
powers of 5, 74, 104 and 133. 


Locomotives.—A new edition of their catalogue of 
standard engines comes from one of the oldest estab- 
lished locomotive firms in the country, the Avonside 
Engine Company, Limited, Fishponds, Bristol, whose 
productions have achieved an excellent reputation both 
at home and abroad for passenger service, and goods 
traffic as well as for contractors’ work and industrial 
purposes. The catalogue deals only with the smaller 
engines used on light railways, and in docks, collieries 
and large industrial establishments. Over 30 engines 
are illustrated, about half the number being of standard 
gauge and the remainder of various narrow gauges. 
All parts are made to interchangeable standards, The 
firm makes these types to stock and can thus give quick “ 
delivery. : 


Gear-Tooth Grinding.—There are two ways of finishing 
gears by grinding. In one the generating system is 
employed with a flat-faced wheel] ; in the other a formed 
wheel is used and the adjacent faces of neighbouring 
teeth are ground over the whole surface in one traverse. 
tt is stated that no higher accuracy can be secured than 
by the second system, the quality of the work largely 
depending on the degree of accuracy with which the 
grinding wheels are maintained to profile. If the 
acceptance of this method by firms noted for quiet running 
machines can be taken as any criterion, this system, in 
good hands, may surely be relied upon. It is the 
principle adopted by the Gear Grinding Company, 
Limited, of Handsworth, Birmingham, who, for instance, 
supply gears thus ground to the Rolls-Royce Company 
and other firms making a special point of excellence of 
quality. The Gear Grinding Company does this work on 
its own design and make of machines, and the character 
of the workmanship is well illustrated in an exceedingly 
well produced catalogue just to hand. The company 
does not manufacture machines for sale, but undertakes 
contracts for finishing gears, claiming that expert 
experience is essential to a satisfactory finished product. 
This is undoubtedly work for specialists. 





Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—At 
the last meeting of the Council of the Institution of 
Automobile Engineers, it was announced that the utility 
prize of 251., offered by Lieutenant-Colonel D. J. Smith 
for the paper read before the Institution adjudged to be 
of greatest utility to the automobile industry, had been 
awarded by the judges to Mr. H. 8. Rowell, for his paper 
on “ Principles of Vehicle Suspension.”” The announce- 
ment was also made that a branch of the Graduates’ 
Section had been formed at Derby and that arrangements 
were in progress for an active session there during the 
winter. This brings the total of graduates’ branches of 
the Institution to six, i.e., London, Birmingham, Coven- 
try, Derby, Loughborough and Luton. It was decided 
that an endeavour should be made to arrange for & 
conference of the members of the Institution at the 
British Empire Exhibition at Wembley in June next, in 
connection with the summer visit. 
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